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ABSTRACT 
In an effort to sustain biological diversity, it has been proposed that the impacts of 
forest management approximate the effects of natural disturbances. This study has 
investigated mountainous sub-boreal spruce (SBSvk) and Engelmann spruce-subalpine fir 
(ESSFwk2/wc3) biogeoclimatic units in north-eastern British Columbia in an effort to provide 
information on historical fire regimes. This information may help in the development of forest 
management plans that better approximate ecological processes. The influence of topography 
on the spatial and temporal extent of sera! age-class patches and contemporary lightning-
caused fires was a primary focus in this study. 
Natural disturbance patch characteristics were described and estimates were calculated 
of the periodicity of stand-initiating disturbances. A digital elevation model was constructed 
for the study area and related to age-class information derived from forest cover data, as well 
as lightning-caused fire location data for the period of 1950-1992. 
Results showed strong spatial differences in natural disturbance patch characteristics 
based on landscape orientation. Patch characteristics for both eastern and western slopes of 
the Rocky Mountains indicated that current estimates of patch size distributions and the 
periodicity of stand-replacing disturbances do not well approximate historical landscape 
patterns for the 100 year period prior to 1950. Topography was revealed to have a strong 
relationship with age-class patch size on western slopes, but it was only weakly correlated 
with other patch characteristics on western and eastern slopes. The topographical 
associations of lightning-caused fires and seral patches were somewhat similar, but could not 
provide conclusive evidence that fires initiated younger forest patches. The dominance of old-
II 
growth forest age-classes in the study landscape provided support for the importance of fine-
scale or non-stand replacing natural disturbances in the maintenance of forest structure and 
composition. Explicit consideration of landscape characteristics is recommended in future 
attempts to approximate natural disturbances. 
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Fire is a key ecological process in Canadian forests (Stocks 1990; Simard 1997). Fire, 
along with other key processes, such as insects, wind, and disease, helps to maintain a varied 
forest composition, age class, and structure across the landscape (Johnson 1992; Weber and 
Taylor 1992; Duchesne 1994; Hansen et al. 1991). In some forest zones, such as the boreal 
forest, there has been considerable research during the past 30 years that has focused on 
understanding the role of fire (Johnson 1992; Kelsall et al. 1977; Rowe and Scotter 1973; 
Kayll 1968). This has led to a good understanding of the fire behaviour in this forest type, 
particularly the spatial and temporal nature of the interval between forest fires (Johnson and 
Gutsell1994; Van Wagner 1978; Heinselman 1973). 
In contrast with the other western Canadian provinces, which are dominated by lower 
relief and boreal forest, complex topography and maritime influence results in many more 
forest regions in British Columbia (B.C.). In addition to large areas of boreal forest, B.C.'s 
forests range from the semi-arid, ponderosa pine (Pinus ponderosa Dougl. ex P. & C. Laws.) 
dominated forests of the southern interior to the extremely wet, western redcedar (Thuja 
plicata Donn ex D. Don) and western hemlock (Tsuga heterophylla (Raf) Sarg.) dominated 
forests of the Pacific coast. 
In B.C. , the most familiar forest type from a wildfire perspective is the dry interior 
Douglas-fir (Pseudotsuga menziesii var. glauca (Beissn.) Franco) and ponderosa pine 
dominated forests . This familiarity is in large part due to the frequent occurrence of fire in 
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these forests, and due to interests in fire exclusion and its effects. Research efforts, mainly 
from studies conducted in the western United States (e.g., Fule et al. 1997; Shinneman and 
Baker 1997; Yazvenko and Rapport 1997), have led to a good understanding of conditions in 
semi-arid forests prior to Euro-American settlement. In forest types where fire occurrence is 
less frequent, there is considerably less published research on the frequency and pattern of 
wildfire. 
Spruce (Picea sp.) and subalpine fir (Abies lasiocarpa (Hook.) Nutt.) dominated 
forests of mid to high elevations are examples of forest types where relatively little research on 
fire regimes has been undertaken. These forests occupy a large area of B. C., however, there 
exists relatively little published information regarding fire and its role within these forests . 
This study has attempted to address this knowledge gap by focusing the investigation on the 
effects of fire on three wet, mountainous biogeoclimatic units of north-eastern B. C. 
British Columbia' s biogeoclimatic ecosystem classification (BEC) system has been 
developed to systematically characterize the province' s terrestrial ecosystems into units which 
form the basis for forest management (Meidinger and Pojar 1991). The BEC system, which is 
now used extensively by many natural resource managers, is primarily determined by climate, 
soils, and vegetation community. The biogeoclimatic units focused upon in this study are the 
Very Wet Cool Sub-Boreal Spruce (SBSvk), the Misinchinka Wet Cool Engelmann Spruce-
Subalpine Fir (ESSFwk2), and the Cariboo Wet Cold Engelmann Spruce-Subalpine Fir 
(ESSFwc3). 
The study of ecological processes in general, not only fire, is a timely undertaking in 
the high-elevation forests of British Columbia. Timber has been logged at more accessible 
lower elevations, and there is now increasing industrial activity in forest areas that have been 
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previously considered economically unfeasible. The ESSFwk2 and ESSFwc3 biogeoclimatic 
units are examples of such areas. Timber harvesting has only a 10-15 year history in these 
BEC units in the Prince George Forest Region (Farnden 1994). However, some parts of the 
SBSvk biogeoclimatic unit have experienced timber harvesting for a longer period of time. 
The SBSvk biogeoclimatic unit is included in this study because its climate is similar to that of 
the ESSF units, and also because many fires that spread into the higher elevation units on the 
western slopes of the Rockies have their origins down slope in the SBSvk. 
Another reason for the focus on ecological processes in these biogeoclimatic units at 
this time is their economic importance to the regional and provincial economy. The Prince 
George timber supply area (TSA) is one of the largest and most economically important TSAs 
in the province. In 1993, the Prince George TSA accounted for 21% of B. C.' s total lumber 
production and 11% of the province' s pulp and paper production (ARA Consulting Group 
Inc. 1995). Regionally, the forest industry is the largest employer, accounting for a full 30% 
of the jobs (ARA Consulting Group Inc. 1995). Consequently, it is not difficult to imagine 
how the quest to maintain the timber supply for the area's saw and pulp mills is extremely 
important to both the province and the forest-dependent communities. Likewise, it is easy to 
see how higher elevation, formerly inaccessible forests are now subject to logging pressures. 
As timber resources are removed at lower elevations, and as logging equipment becomes 
more specialized and powerful, trees at higher elevations become more valuable and logging 
becomes cost effective. However, the factors that determine the social and economic 
importance of the forests of the SBSvk, ESSFwk2, and ESSFwc3 , also dictate that 
stakeholders must work to protect the integrity of these forest ecosystems. Without a healthy 
and growing forest, employment and the economy cannot be maintained . Protecting the 
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integrity of forest ecosystems becomes increasingly difficult to accomplish as forests are 
logged before collection of baseline ecological data is completed and analyzed. It is important 
that research be completed on high elevation forests while a fair proportion are as yet 
unaffected by logging. Timely information on historical ecological processes may allow pro-
active changes to be made to timber management. 
Some of the most important changes to forest management in this decade have 
resulted from the incorporation of non-timber values into decision-making processes. The 
maintenance of biodiversity and the sustainability of forest practices have become important 
concerns not only to environmental groups, but to government and timber managers as well . 
The debate over how to address non-timber values continues (and is likely to continue for a 
long time), but one approach that has been suggested to address biodiversity and sustainability 
concerns is a landscape-level approach to forest management (Franklin 1993; Noss 1993). 
Proponents of this approach argue that species and forest structures are most easily 
maintained when forested areas are protected or managed as a unit. This is in contrast with 
the species by species approach to biodiversity. This latter approach often does not work 
because species are simply part of ecosystems and the interrelated web of life that is a forest. 
Managing for one species often occurs at the detriment of another (DeLong and Tanner 
1996). Another disadvantage of species level management is that it is financially costly. 
Landscape level management is an attractive approach for addressing issues of biodiversity 
because it directs efforts towards the maintenance of an appropriate forest structure at 
different scales. If entire ecosystems can be maintained in this way, then the species that live 
in these ecosystems will also be accommodated. 
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The challenge that we now face is to determine how landscape (and thereby forest) 
structure can be maintained. One suggestion is that we take our cues from natural processes, 
such as insects, diseases, fire, and wind, that together have worked to maintained a diverse 
forest structure and tree species composition for millennia (Hunter 1993; Hansen et al. 1991 ; 
DeLong and Tanner 1996). As such, natural processes also have ensured the maintenance of 
the diversity of other species that live within the forest. 
Approximating natural processes when planning and implementing human 
interventions has been proposed as one means of achieving today' s sustainability and 
biodiversity objectives in managed landscapes (Hunter 1993; Ripple 1994). In British 
Columbia, as part of the province' s Forest Practices Code (FPC), the conservation of 
biological diversity is a key management objective. In order to address this objective, the FPC 
recommends that managed forests approximate natural forests shaped by the interaction of 
such ecological processes as fire, wind, insects, and disease (BC Environment 1995). It is 
thought that by mimicking these processes, some of the negative impacts of human 
disturbances (such as forest fragmentation) may be mitigated (DeLong and Tanner 1996), and 
species management difficulties avoided (BC Environment 1995). 
The premise of mimicry has yet to be validated in the ecological literature. However, 
even if this premise is accepted, there are still questions as to how to create managed forests 
which resemble natural forests . Before a management plan based on approximating ecological 
processes can be formulated, there must be a reasonable understanding of the historical 
conditions which have existed in the landscape in question. This includes a thorough 
understanding of how ecological processes have operated in that landscape, or at the very 
least, the product of their function . In B .C., the natural history information that must exist as 
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a precursor to rrmmcry often is lacking. There are some areas of the provmce where 
ecological processes have been researched and are well-understood, but there are just as many 
places where there has been little information published regarding ecological processes. 
The purpose of this thesis is to provide information on historical landscape conditions 
and functions that may help in the development of plans for ecologically appropriate forest 
management. 
1.2 Objectives 
The main objective of this study was to characterize the pattern and dynamics of the 
forest mosaic in relation to fire in the historical landscape of the study area. The questions 
that were addressed to satisfy this larger objective were: 
1. What was the historical wildfire size, pattern, and frequency m the SBSvk, 
ESSFwk2, and ESSFwc3 ? 
2. How did topography influence these elements of the fire regime? 
3. What is the relationship of contemporary lightning-caused fire to the landscape and 
the historical fire regime? 
1.3 Hypothesis and Predictions 
This project evaluated the hypothesis that changes in topography (slope, elevation, 
aspect and distance from height-of-land1) influence wildfire regime. The following predictions 
were generated from this hypothesis : 
1. Variation in topography is accompanied by differences in fire size. 
1 Distance from height-of-land: Distance (measured in metres) from the line of maximw11 elevation along the 
spine of the Rocky Mountains. 
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2. Variation in topography is accompanied by differences in fire shape. 
3. Similar relationships exist between topography and the frequency distributions of 
(a) natural disturbance patches and (b) lightning-caused fires . 
1.4 Expected benefits 
The principal benefits that are expected to be derived from this study are an increased 
understanding of the historical forest conditions and natural disturbance patterns in the study 
landscape. The application of this knowledge will benefit resource managers who must 
implement FPC guidelines. Biodiversity management, as proposed in the province's 
Biodiversity Guidebook (BC Environment 1995), uses disturbance events statistics to 
determine the management objectives for each biogeoclimatic unit. One application of the 
results of this thesis will be as a possible source for refining Biodiversity Guidebook targets 
for the biogeoclimatic units investigated. Without the adjustments provided by ongoing 
research, forest managers may not be able to successfully carry out FPC biodiversity 
management objectives, given that mimicry forms the basis of B.C.' s biodiversity management 
approach. 
1.5 Thesis outline 
This document is presented in a traditional format, with four main chapters forming 
the body of the thesis. Chapter II provides a review of the literature pertaining to this study, 
with particular emphasis on fire regimes in British Columbia, the current information available 
for the SBSvk and ESSFwk2/wc3 biogeoclimatic units, and ecological processes as templates 
for forest management. Chapter III details the methods used to complete the project work, 
including a description of the area of study and the rationale behind its delineation, as well as 
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the statistical approaches used in the analysis of the data. Chapter IV presents the results of 
the study and Chapter V provides a discussion of these results. Chapter VI summarizes the 
thesis, and outlines recommendations for future research. 
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2.1 Ecological process 
CHAPTER II 
LITERATURE REVIEW 
The traditional view has been that a forest develops along a linear and limited 
trajectory from stand initiation to climax (Burrows 1990). It is now widely discussed and 
apparent in the dissonance of literature that changes in vegetation often do not follow this 
trajectory (Burrows 1990; Veblen 1992). Current understanding of the processes of 
disturbance and succession is in transition, such that it is now recognized that changes in 
species composition often occur through gradual shifts in distribution, rather than sequential 
recruitment (Halpern 1989). There also is a greater understanding that the scale of spatial 
heterogeneity is important in determining the appropriate model of vegetation dynamics 
(Burrows 1990; Veblen 1992). Stand initiation, seral stages, and older growth forest are still 
phases in the life cycle of a forest, however, the idea that the maintenance of a forest in a 
static climax state is possible or desirable has lost credence in some ecological circles 
(Burrows 1990). This is because it is recognized that forests never are truly static and that 
climax forest simply is a phase previous to another change in forest structure. Forests are 
continuously influenced by ecological processes that work spatially and temporally to alter the 
forest mosaic. The scale at which the forest is observed is important since the scale at which 
these processes operate varies widely. Thus, a forest observed at a very small scale may 
appear unchanging and static, when in fact natural disturbances are occurring frequently if the 
same forest is observed at a larger scale. A natural disturbance is an event that causes 




The dynamic nature of ecological process makes this phenomenon a challenging one to 
address. Not only are the issues of spatial extent and scale important, but time and 
stochasticity are factors that also must be considered. Very often, due to random occurrence 
and length of time between events, natural disturbances must be examined "after-the-fact" via 
their imprint on the forest. Together, whether independent or as a synergy, ecological 
processes determine the forest mosaic of stand ages, stand structure, and species composition 
across the landscape (Duchesne 1994; Weber and Taylor 1992; Hansen et al. 1991). The five 
agents outlined below are the most common natural disturbances at work in the study area 
upon which this thesis was based. 
2.1.1 Wind 
Wind is an ecological factor which influences tree growth and form at many levels of 
intensity. Even low wind speeds (25-50 kmlh) can result in limited growth due to damage to 
tree leader growth (Navratil 1995). Deformation of forest vegetation is increased when 
strong winds interact with cold temperatures and/or suspended particles. Winter winds can 
cause foliage die-back due to desiccation on windward slopes at high elevations (Agee 1994). 
Where strong winds transport abrasive particles, such as ice crystals, the abrasion of these 
particles further promotes moisture loss and needle desiccation (Agee 1994; Woolridge et al. 
1996). The result is a shrub-like, krummholz2 growth form of the tree. This type of 
asymmetrical growth can be used to estimate wind speeds, wind direction, and snow 
2 Krummholz: Morphological response of trees to environmental stress (e.g., extremely cold temperatures, 
high winds, heavy snowpack, salt spray). The response to these stresses is small stature, pronounced 
asynunetry and/or crooked growth patterns. 
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distribution in mountainous areas, and is particularly useful in complex terrain where 
meteorological measurements are often unavailable (Woolridge et al. 1996). Apart from 
seedling mortality on windward ridges, these wind effects do not generally cause tree death, 
but rather influence tree morphology, anatomy and ability to compete with other vegetation. 
Wind speeds greater than 60 km/h can result in much greater damage to trees, ranging 
from breakage of branches to stem breakage and toppling of trees . The effects of very high 
wind speeds on forests are divided into two types of windthrow - endemic and catastrophic 
(Stathers et al. 1994; Navratil 1995). Endemic windthrow occurs more frequently than 
catastrophic windthrow and affects much smaller areas of forest. It generally is found to 
occur in areas of a forest that are highly susceptible and it affects individual stems or small 
patches of trees (Stathers et al. 1994). A good example of this is the progressive expansion of 
windthrow that can occur along a non-windfirm clearcut boundary. By contrast, catastrophic 
wind throw occurs much less frequently and is characterized by large areas of trees downed by 
strong gales or hurricane force winds. Trees normally are blown down along a single 
direction and often are characterized by broken stems, rather than upturned root masses 
(Stathers et al. 1994). 
Determining the susceptibility of trees to wind throw is a complex task due to the large 
number offactors and interactions that determine windthrow hazard. Stand development, site 
conditions, stand structure, topography, tree health, tree species, growth characteristics, soil 
characteristics, and meteorological conditions all play a role in windthrow (Stathers et al. 
1994; Navratil 1995). In areas of complex terrain, the determination of windthrow hazard is 
particularly difficult due to the stochastic nature of extreme wind events, the absence of a 
linear relationship between windspeed and elevation, and the interaction between wind and 
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terrain features (Hannah et al. 1995). Nonetheless, while the prediction of windthrow in these 
areas is difficult, the acknowledgment of the importance of topography to this phenomena is 
widespread (Stathers et al. 1994; Navratil 1995; Hannah et al 1995; Woolridge et al. 1995; 
Woolridge et al. 1996). Mountains and valleys affect wind by either increasing or decreasing 
wind speeds. Wind speeds are increased where: winds are channeled through narrow 
openings, such as saddles and narrow valleys; in valley bottoms parallel to the direction of the 
wind; and along ridgetops and mountain peaks. Wind speed tends to be decreased in valleys 
perpendicular to the direction of the prevailing wind and along the lower windward slopes of 
hills and mountains. Wind speeds can be decreased along lee slopes, but just as often are 
locally increased due to gusts caused by turbulence from the wind cresting mountain peaks 
(Stathers et al. 1994). 
In the Prince George Forest Region, where the study area for this project is located, 
approximately 2% of the annual allowable cut (AAC) is composed of windthrown trees 
(Mitchell 1995). In the province as a whole, wind throw affects a volume of timber equal to 
4% of the AAC, which is a level similar to that disturbed by fire and insects (Mitchell 1995). 
In the Prince George Forest Region, the 1992 Ministry of Forests' estimates listed windthrow 
damage by volume of timber as among the lowest of five agents of disturbance, below root 
rot, fire, and insects (Mitchell 1995). While windthrow was estimated to impact a lower 
percentage of the AAC in this forest region compared with all other forest regions in the 
province, it must be noted that these estimates were only for a single year and do not 
represent long-term means. It may be the case that windthrow is not a major disturbance 
factor in the Prince George Forest Region due to the climatic barrier provided by the Rocky 
Mountains. In other mountainous areas, like the eastern Cascades of the northwestern United 
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States, wind events strong enough to cause windthrow are rare, likely due to the dissected 
terrain that tends to reduce wind intensity (Agee 1994). The interaction of the prevailing 
winds with aspect has greater impact on the west side of the Cascades, which are subject to 
greater windthrow and storm damage (Agee 1994). In a study of the periodicity and 
magnitude of extreme wind events in the central interior of British Columbia, Murphy and 
Jackson (1997) found that wind speeds in excess of 90 kph, i.e., well above the intensity 
required for windthrow to occur, account for 15% of the monthly wind extremes. The 
majority of the extreme wind gusts come from the south or the west, although Murphy and 
Jackson (1997) caution against extrapolation of site specific velocity or directional wind data 
to complex, mountainous terrain. 
Areas of wind thrown trees can provide the right conditions for the initiation of other 
types of disturbance. Large areas of windthrow provide ideal levels of both fine and large 
diameter fuels for fire ignition and spread (Flannigan et al. 1989). Windthrown trees are also 
often preferred hosts for many insects. 
2.1.2 Insects 
Insects often interact with other disturbance processes to alter the forest mosatc. 
Insect infestations can occur in the forests of western North America without disturbance 
precursors, but most frequently, insects, such as spruce bark beetle (Dendroctonus 
ru.fipennis), select windthrow, logging residue, and weakened trees as hosts (Safranyik et al. 
1983). Diseases weaken trees and can make them more appealing hosts to insect populations 
(Nebeker et al. 1995). Conversely, the same insects that act to kill the diseased tree can also 
act as vectors for the fungi pathogen as insect populations expand and search out new hosts 
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(Safranyik et al. 1990). Wind and logging provide downed woody materials that also act as 
ideal hosts for many insects. Large amounts of such downed woody materials provide some 
of the essential conditions for widespread insect outbreaks (Safranyik et al. 1983). The 
synergy continues with fire, which can ignite in areas of dry and downed woody debris or in 
trees defoliated as a result of insect activity (Cissel et al. 1998). The burning of dry wood due 
to previous disturbance processes historically has been important in controlling the spread of 
insect infestations, either by influencing the pattern and structure of forest vegetation 
(Hessburg et al. 1994), which would act to spatially confine the outbreak, or by burning the 
infested wood. While there have been few changes in the species of insects occurring in the 
forests of western North America since the time of European settlement, the spatial and 
temporal scale of insect infestations has increased substantially in some Rocky Mountain 
forests of the western U.S. (Swetnam and Lynch 1993; Hessburg et al. 1994). Fire 
suppression, climatic changes, and changes in forest structure are factors cited in this 
expansion of insect activity. 
The most important insect populations influencing the forest mosaic m northern 
British Columbia are spruce bark beetle, mountain pine beetle (Dendroctonus ponderosae), 
Lophodermella needle cast (Lophodermella concolor), Douglas-fir bark beetle (Dendroctonus 
pseudotsugae), tent caterpillar (Malacosoma spp.), satin moth (Leucoma salicis), budworm 
(Choristoneura spp.), and balsam bark beetle (Dryocoetes confusus) (Humphreys and Van 
Sickle 1995). Within the study area, the insects which most impact tree health are spruce bark 
beetle, which infests white spruce (Picea glauca (Moench) Voss) and Engelmann spruce 
(Picea engelmannii Parry ex Engelm.), budworm, and balsam bark beetle, which infests 
subalpine fir (Lindgren and Lewis 1996; Humphreys and Van Sickle 1995). 
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Spruce beetle infestation will usually be limited to areas of windfall or weakened trees, 
however, in large outbreaks the beetles will attack and kill healthy mature spruce trees over a 
large area (Safranyik et al. 1983; Veblen et al. 1994 ). This usually occurs when the trees are 
stressed due to moisture availability and root damage (Safranyik et al. 1983 ; Safranyik et al. 
1990). In addition, susceptibility of spruce to beetle infestation increases with stand age and 
decreases with elevation (Safranyik et al. 1990). It is interesting to note that spruce beetle 
outbreaks, where beetle populations and areas of infested forest increase dramatically, occur 
during hot, dry summers (Safranyik et al. 1990). These weather conditions are also associated 
with forest fires, such that historically fires may have coincided with beetle outbreaks and 
acted to limit infestations. Suppression of fire in the landscape may be resulting in beetle 
outbreaks and infestation over much larger areas of the landscape than has occurred 
historically. A similar phenomena has occurred in subalpine forests in the northwestern U.S . 
(Hessburg et al. 1994). 
Subalpine fir rarely is attacked by the spruce beetle (Veblen et al. 1994), but can be 
attacked by budworm and balsam bark beetle. Budworm has been the focus of a great deal of 
research in North America over the last 30 years due to its ability to defoliate trees over a 
large area during severe outbreaks. Budworm will attack spruce and other species, but its 
preferred hosts are the true firs . Historically, budworm is a common, non-threatening resident 
of spruce-fir stands, however, its populations in both eastern and western North America 
periodically increase to levels associated with severe outbreaks (Stedinger 1984; Swetnam and 
Lynch 1993). Swetnam and Lynch (1993) place this oscillation in population density on a 
historical cycle of approximately 20-33 years based on their study of tree rings in northern 
New Mexico. During severe budworm outbreaks, which can extend over more than a decade 
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(Swetnam and Lynch 1993), tree mortality may occur if insect larvae defoliate new and old 
growth over several successive years (Stedinger 1984). Defoliation in preceding years, trends 
in regional populations, and egg mass densities are important in predicting levels of defoliation 
(Lysyk 1990). 
2.1.3 Disease 
Diseases are both precursors to wind and insect disturbances, and agents of 
disturbance which function independently to alter the forest mosaic. Tree diseases are caused 
by fungal pathogens, or an interaction of fungal pathogens and insects (Castello et a!. 1995). 
As with insects, and unlike wind and fire, pathogens often select less fit individuals of a 
population as hosts (Castello eta!. 1995; Nebeker eta!. 1995). In this way, pathogens create 
stands with diverse species composition and structural characteristics, as well as genetic 
resistance to the fungi in surviving species and individuals. 
Diseases are of particular importance in old-growth forests, where they regulate 
succession by creating canopy gaps through infection of mature trees . In the spruce-fir forests 
of the study area, fungal root decay diseases caused by Armillaria spp. and Inonotus 
tomentosus are widespread (Lindgren and Lewis 1996). True firs are quite susceptible to root 
pathogens (Castello et a!. 1995). This susceptibility contributes to the heterogeneous 
structure of the old-growth spruce-fir forests of the study area by allowing slower-growing 
spruce, with a lower mortality rate, to become co-dominant in the forest canopy (Lindgren 
and Lewis 1996). 
16 
2.1.4 Avalanches 
Avalanches are a rather different disturbance process from the others described here 
because their occurrence is more frequent and less random across the landscape. Avalanche 
zones are easily detected by identifying topographically susceptible areas and specific 
vegetation assemblages. Very often avalanches tend to be chronic disturbances, occurring as 
often as each year or several per decade (Veblen et al. 1994). Avalanche zones are unlikely to 
interact with the other ecological processes described here due to a lack of mature forest 
vegetation, which limits insect attacks and windthrow, and a predominance of shrubby 
deciduous vegetation, which may not provide the appropriate fuel for a fire. In a study of 
historical disturbance interactions in a subalpine forest in Colorado, Veblen et al. (1994) 
suggest that avalanche paths may serve as fire breaks. 
2.1.5 Fire 
Fire is an ecological process that influences nearly all of the Earth ' s forests, although 
to varying degrees. From a northern hemisphere perspective, fire is the preeminent 
disturbance factor due to its profound impact on the stand and the scale at which it can occur. 
In the Canadian boreal forest, for example, fires over 10,000 ha are relatively common and 
account for approximately 90% of the area burned (Van Wagner 1983). However, in the 
boreal forest, and other forest types in Canada, in addition to very large fires, there exist a 
wide range of fire impacts that are determined by the combined elements of the fire regime at 
that specific point in time. 
Fire regime is a term used to collectively describe the controlling and/or resulting 
factors in fire occurrence and behaviour for a given forest. A fire regime is determined by 
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such factors as time between fires, season of burning, intensity of burn, extent ofburn, and fire 
type, and is used to characterize the fires occurring over a given area (Whelan 1995). More 
specific definitions of the term fire regime have been suggested, such as Johnson and Van 
Wagner's (1985) more rigid definition of fire as a multivariate system comprised of: fire 
history, measured in fire frequency or return period; fire intensity, measured in kW /m; and 
depth-of-burn, measured in em, kg/m or percent. For the purposes of this thesis, fire regime 
will adhere to the former, more comprehensive definition, and will refer to the frequency, size, 
and pattern of forest fire . 
Forest fire exists as a natural phenomenon, but since the advent of humans acquiring 
the technical prowess to ignite and utilize fire, there are different types of fire which should be 
defined before proceeding further. A contemporary trend in forest management has been to 
take advantage of the beneficial effects of fire through the use of planned or ' prescribed' 
burning. Prescribed burning is defined by the Canadian Committee on Forest Fire 
Management (CCFFM) as "the knowledgeable application of fire to a specific land area to 
accomplish predetermined forest management or other land use objectives" (Merrill and 
Alexander 1987, p. 34). Prescribed fire has been applied for such reasons as reduction of 
wildfire hazard, silvicultural treatments, wildlife habitat enhancement, range burning, insect 
and disease control, and ecosystem conservation (Weber and Taylor 1992; Fuller 1991 ). In 
contrast, the type of fire of most interest in this thesis is characterized by a lack of human 
control. These are w_ildfires, which can be of natural or human origins. Human-caused 
wildfires are normally classified by their specific cause, i.e., recreation, forest industry, 
railroads, incendiary, etc. (Merrill and Alexander 1987). Natural-caused wildfires are ignited 
by lightning, and much more rarely, by volcanoes. 
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A fire can only occur in the presence of certain factors and conditions. For a forest 
fire to occur there must be a source of heat, a supply of oxygen, and the presence of fuel. 
Without these, ignition cannot occur. For the fire to be sustained, the fuel must be in 
adequate supply and dry enough to be heated to the point of ignition by the moving flame 
front (Van Wagner 1983). The acceptable moisture content for fire spread is variable and is 
dependent upon such factors as the time ofyear, the size and arrangement of the fuels, and the 
wind speed. In northern coniferous forests, there are four types of fuels that usually combine 
to sustain a forest fire. These are: surface fuels, which generally consist of foliage litter, moss, 
lichen, and shrubs; deep organic layers; woody materials; and live foliage (Van Wagner 1983). 
The abundance, composition, structure, and moisture content of these fuels combined with 
temperature, relative humidity, and wind speed will determine the type of fire . Fire types can 
be simplified to three main types, each with a characteristic intensity of burn3 : ground fires 
(<10 kW/m) that burn for long periods of time in deep organic layers (usually smouldering 
fires) ; surface fires (100-15,000 kW/m) that consume surface litter, grasses, shrubs, and 
woody materials without killing a large proportion of live foliage; and crown fires (8,000-
150,000 kW/m) that consume the entire tree canopy as well as most surface fuel (Van Wagner 
1983). In Canada, the most common type of fire in terms of area burned is crown fire (Van 
Wagner 1983). Ground fires are infrequent, but widespread given the expanse of organic soils 
found in the boreal forest. Fires in organic terrain generally are localized, but can affect large 
areas and burn for very long periods of time, particularly where marshes or peatlands have 
been subject to artificial drainage (Wein 1983). Surface fires are the least common fire type 
3 Energy output rate per unit offire front (Van Wagner 1983). 
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due to the limited extent of fire-resistant tree species with the requisite wide spacing between 
stems and herbaceous understory required to limit crowning. Although grass fires were 
common in the prairies before the advent of agriculture, surface fires are not now a common 
occurrence in Canada. The best remaining examples of surface fire regimes are found in the 
ponderosa pine (Pinus ponderosa Dougl. ex P. & C. Laws.) dominated forests of British 
Columbia' s semi-arid interior, and in the red pine (Pinus resinosa Ait.) and white pine (Pinus 
strobus L.) forests of eastern Canada. 
2.2 Forest fire in Canada 
2.2.1 Human history of fire 
Fire has interacted with vegetation in the landscape since the evolution of forest 
assemblages approximately 30 to 12 million years before present (Weber and Taylor 1992; 
Duchesne 1994). In most of Canada, forests have evolved adaptations to fire, with some, 
such as the ponderosa pine forests mentioned above, dependent upon fire for survival. In 
other forest zones, where tree species have not evolved strategies for fire-resistance, fire is 
also integral to the forest landscape and is largely responsible for the maintenance of the 
complexity ofthe mosaic of stand ages and stand composition therein (Duchesne 1994). 
The acquisition of fire by humans, and our population growth around the Earth, has 
had profound effects on the nature of fire (Pyne 1993). Throughout most of our history, 
human-caused fire was an ecological component of the forest landscape, much like the 
natural-caused fire which continued to shape the forest. The mutualistic relationship which 
evolved between human-caused fire and the environment is referred to as aboriginal fire (Pyne 
1993). According to Pyne (1984, 1993) and Hawkes (1982), aboriginal people used fire not 
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only in camps and villages for cooking and tool-making, but in larger areas in order to 
encourage specific types of forage, to clear pathways for travel, and to clear land for 
agriculture. In North America, the arrival of European colonists changed this fire dynamic 
considerably, and thus far, permanently. 
Weber and Taylor (1992) submit that fire frequency drastically increased with the 
arrival of the colonists. Pyne (1984, 1993), however, contends that while there may have 
been a surge in fire frequency in some areas as European burning for land clearing combined 
with aboriginal fires, there has been an overall decrease in fire . This hypothesis is supported 
by Johnson et al. (1990) in their study of fire frequency in Glacier National Park, B.C., where 
they found little empirical evidence of an increase in fire frequency since European 
colonization. What Pyne (1993) does contend has changed since colonization is the 
subjugation of fire in North America through the adoption of European fire suppression 
techniques. While fire had previously been allowed to cycle and burn freely, colonists placed 
considerable efforts into limiting the presence of fire in order to protect agricultural lands, 
towns and cities. This doctrine of fire suppression was naturally transferred to forestry as the 
practices ofEuropean forestry became established in North America. 
In the latter half of the twentieth century, a greater appreciation of the importance of 
fire as a natural process has developed. Fire suppression is still an important part of timber 
management in Canada, but fire has gained some acceptance as a management tool (Weber 
and Taylor 1992) and there is growing appreciation of the natural fire regime in many forest 
types. 
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2.2.2 Fire research 
Canadian forest fire research has been conducted since the mid-1 920s (Stocks et al. 
1989; Van Wagner 1990). The considerable amount of fire research conducted is 
understandable given national fire statistics and the economic importance of Canada' s timber 
resources. Van Wagner (1990) lists some decadal averages for forest fire during the 1980's 
that illustrate this. For example, the average number of fires occurring annually was 9500 
with the average area burned at 2 million ha/yr. During the largest fire year of this period, 
over 6.6 million ha of forest was burned nationally. It is worth noting that while on average 
35% ofthe fires were caused by lightning, 85% of the area burned was attributed to lightning-
caused fires and the largest 3% of fires comprised 90% of the area burned (Van Wagner 
1990). Most of the forest fires occurring in Canada impact the boreal forest. Other forest 
regions, such as the Atlantic provinces, southern Ontario and Quebec, and southern and 
coastal British Columbia together account for only a small percentage of national forest fire 
(Van Wagner 1990). 
Most of the fire research in Canada has focused on fire behaviour and prediction in the 
boreal forest, with the application of the knowledge gained concentrated in fire suppression. 
A more recent turn of events has been research in fire ecology, which involves the 
acknowledgment of the cyclical nature of fire and its importance in maintaining forest 
structure and function . Again, the most widely studied forest zone in these investigations has 
been the boreal forest (e.g., Cayford and McRae 1983; Viereck 1983; Gauthier et al. 1996; Li 
et al. 1997). This focus is certainly understandable and warranted given the vast expanse of 
the boreal forest zone and the fact that it plays host to some of the largest and most intense 
wildfires on Earth. 
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2.3 Forest fire in British Columbia 
In British Columbia, where approximately 84% (S . Taylor4, pers. comm.) of the 
province is not part of the boreal forest zone, there exist more different and varied forest 
zones than in the rest of Canada. Published research on forest fire in B. C.'s coastal and 
interior forest zones is limited. 
Fires were historically most frequent in the bunchgrass and Ponderosa pine dominated 
forests of B.C.'s semi-arid interior. Historic mean fire return intervals in these biogeoclimatic 
zones are estimated to range only 4-25 years (Parminter 1992). The frequent return offire to 
these forest and grassland ecosystems was possible because the vegetation is adapted to a 
surface fire regime. The thick bark on the ponderosa pine trees offered protection from fires, 
and grasslands were favoured partly due to the release of nitrogen following a burn. Today, in 
many parts of these zones, the health of ponderosa pine forests is threatened by a lack of fire . 
Policies of fire suppression in the last half of this century have allowed the forests to become 
dense, providing smaller ladder fuels which, if ignited, can permit intense crown fires to 
develop. Using a modeling technique, Taylor et al. (1998) reported that open and treed 
grassland could disappear from the Tata Creek area near Cranbrook, B.C. over the next 40 
years iffires are not permitted to occur. 
At the other end of the spectrum, fires are thought to have been historically least 
frequent in the Coastal Western Hemlock (CWH) and Mountain Hemlock (MH) 
biogeoclimatic zones along the Coast Mountains of western B . C. Parminter (1992) estimates 
mean fire return intervals of 100-650 years for these zones. This is certainly plausible given 
4 Dr. S. Taylor, Canadian Forest Service, 506 W. Burnside Rd., Victoria, BC, V8Z 1M5 
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the extremely high amounts of rainfall which characterize this area. An average annual 
precipitation of 1500-3000 mm is common in coastal zones (Environment Canada 1993). 
In terms of the provincial extremes for fire sizes and intensity, the forest types that are 
characterized by the largest fires are also host to the most intense wildfires. Historic forest 
fires in B.C.' s Boreal White and Black Spruce (BWBS) biogeoclimatic zone are estimated to 
range up to 200,000 ha in size with averages from 3000-10,000 ha (Parminter 1992). The 
biogeoclimatic zones with the smallest estimated average historic fire size of 5-50 ha are the 
Alpine Tundra (AT), Bunchgrass (BG), Ponderosa Pine (PP), Interior Douglas-Fir (IDF), and 
Coastal Douglas-Fir (CDF) (Parminter 1992). 
Most of the above information concerning historic fire characteristics within the 
province ofB.C. are rough estimates developed from limited data. Panninter (1992) certainly 
acknowledges these gaps and provides an assessment of the quantity and quality of the fire 
data for each biogeoclimatic zone. Zones rated highly in terms of available data upon which 
to base historic fire regime estimates are the Spruce-Willow-Birch (SWB), ESSF, and Interior 
Cedar Hemlock (ICH), which are rated as good, and the PP and Boreal Black and White 
Spruce (BWBS), which are rated as very good. The rest of the zones are rated as having data 
of low to medium quantity and quality. The zones with the highest ratings in terms of the 
availability of data, with the exception of the ESSF and ICH, also are those with the rriost 
frequent fires or the largest fires . Despite Parminter' s (1992) good rating for data availability 
in terms ofhistoric fire in the ESSF biogeoclimatic zone, almost no information was found for 
the ESSF units in northern B.C. 
Some of the most interesting fire ecology information emerging today is associated 
with comparisons between present and past conditions. Results specific to forests similar to 
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those examined in this study are presented in the following section. There has also been work 
done that examined present and pre-European conditions for B.C. as a whole. Using 
Parminter's (1992) estimates offire return interval by forest type and assuming past vegetative 
conditions similar to those that exist today, Taylor and Sherman (1996) concluded that 
biomass consumption and smoke emissions from pre-historic wildfires were 3-6 times greater 
than recent average annual emissions production. To place this in context, they estimate that 
the average annual area burned by pre-historic wildfires in B.C. was 639,450-1 ,161 ,840 ha 
with biomass consumption of37,956-69,432 kt (Taylor and Sherman 1996). In contrast, data 
on fire activity from all available sources (wildfire and prescribed fire combined) for the period 
of 1981-90 revealed an average annual area burned of 232,373 ha and biomass consumption 
of 12,694 kt (Taylor and Sherman 1996). Taylor and Sherman (1 996) conclude that these 
reductions can be attributed in large part to the suppression of wildfires. Similarly, in a study 
in the Cascade Range in Oregon, Cissel et al. (1998) report that during the past 35 years the 
study area burned at a rate of only 15% of the rate in the pre-suppression period based on 
dendrochronologic analysis. 
Other shifts which can be highlighted between historic and contemporary forest fire 
are those related to the proportions of planned (i .e., prescribed) versus unplanned (i.e., 
wildfire) fire. Where measurements of area burned would historically be overwhelmingly 
attributed to lightning-caused wildfire, in B.C. prescribed burning dramatically increased in 
importance in the 1980' s. In the ten-year period examined by Taylor and Sherman (1996), 
average annual area burned by prescribed broadcast, landing, spot, and wildlife/range burns 
exceeded that burned by wildfire. During peak fire years in this period, however, the area 
burned by wildfire exceeded that burned by prescribed fire. Prescribed burning has been more 
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important in B. C. relative to most of the other Canadian provinces (Weber and Taylor 1992). 
It should be noted, however, that in the 1990' s the amount of prescribed burning has declined, 
with prescribed fire used for silvicultural site preparation and hazard reduction declining from 
50% of the total area site prepared in the 1980's to 20% in the 1990's (B.C. Hawkes5, pers. 
comm.). Some of the reasons for this decline include the following : the economic costs in 
controlling fire, which involve liability issues; public concerns over smoke and air quality; 
shortages of trained and experienced people to conduct the burning; and changes in forest 
management practices. 
2.3.1 Fire in the Northern Rockies 
Information on historical wildfire occurrence and distribution is very limited for the 
forests ofthe northern foothills and Rocky Mountains. In the SBS zone, Parminter (1992) has 
estimated historic average fire sizes at 50-500 ha and mean fire return intervals of 75-250 
years. For the ESSF zone, historic average fire sizes are similar to those of the SBS zone and 
mean fire return intervals of 150-500 years are estimated (Parminter 1992). Directly to the 
north, in the subalpine SWB biogeoclimatic zone, which is characterized by forests more 
typical of the boreal forest zone, estimates of mean fire return interval are given that are 
similar to the ESSF zone, but historic average fire sizes are estimated to be larger, ranging 
150-2000 ha (Parminter 1992). In all biogeoclimatic zones, the variations in average fire size 
and return interval is due to the different fuel and climatic conditions prevailing in the various 
biogeoclimatic units. 
Recent work in the adjacent lower elevation, mesic biogeoclimatic units of the SBS 
5 Dr. B. C. Hawkes, Canadian Forest Service, 506 W. Burnside Rd., Victoria, BC, V8Z 1M5 
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zone has provided some information on fire regimes m the SBSmk1 biogeoclimatic unit 
(DeLong 1997; Andison 1996; DeLong and Tanner 1996; Clark 1994). This work has given 
important insight into the nature and role of fire in northern sub-boreal forests, but it remains 
to be seen whether what has been learned about fire in these mesic areas is transferable to 
wetter and more mountainous SBS and ESSF biogeoclimatic units. The influences of colder 
temperatures, higher levels of precipitation and diverse terrain upon the fire regime are likely 
profound. 
The recent analyses of fire data in the SBSmk1 unit highlight some potential 
inaccuracies in our current understanding of the historical fire regime in the SBS 
biogeoclimatic zone. DeLong and Tanner (1996) have shown that fire patterns in the 
SBSmk1 tend to be heterogeneous, with areas of forest in unburned remnant patches 
increasing proportionally with fire size. The extent to which topography influences fire 
patterns in wetter SBS units, as well as upslope ESSF units, is unknown; however, 
topographic barriers in subalpine areas have been found to limit fire size (Hunter 1993). 
Past estimates of average fire size for the SBS zone list a range in mean extent from 
50-500 ha (Parrninter 1992). While these figures may be accurate, they can be misleading 
since DeLong and Tanner' s (1996) study indicates that 50-75% of the total area of natural 
disturbance in the SBSmkl unit was created by fires larger than 500 ha in the period prior to 
the initiation of fire suppression activities in the 1950's. 
Mean fire return intervals for the SBS and ESSF biogeoclimatic zones are estimated to 
range 75-500 years (Parrninter 1992). The influence of topography on fire frequency within 
the SBSvk and ESSFwk2/wc3 is yet unknown, although elevation and aspect have been 
associated with differences in fire frequency in other subalpine forests (Rogeau and Pengelly 
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1999; Remme 1982; Remme and Knight 1981; Hawkes 1980; Tande 1979). The question of 
fire periodicity is but one of the characteristics of the fire regime that this study attempts to 
address. The above examples have been included to illustrate the need for more regionally, 
and ecologically, precise historical fire information. If landscape variables like topography, 
climate, soils, and vegetation do influence fire regimes in the SBSvk and ESSFwk2/wc3 
biogeoclimatic units, then prescriptions that try to approximate natural disturbances (see 
section 2.4) based upon information from the interior plateau may be inaccurate. 
Understanding how topography influences the fire regime (in particular fire size, cycle, and 
pattern) in the SBSvk and ESSFwk2/wc3 will be useful to forest managers trying to address 
provincial biodiversity guidelines. 
2.3.2 Fire methodology 
Fire, and ecological processes in general, are interesting and challenging phenomena to 
study because they require the incorporation of not only the elements of scale and space, but 
also that of time. Interpretation of these dimensions is made even more challenging by the 
fact that ecologists have still yet to develop standardized and accepted statistical methods for 
analyzing such data. Certain measured variables of a fire regime would seem relatively 
straightforward to report, such as intensity of fire and fire size. However, even such a simple 
two dimensional variable as fire size can be complex. A recent study has revealed the 
importance of remnant patches of forest left behind within the perimeter of the fire as 
ecological refugia and as a seed source for the regenerating stand (DeLong 1997). These 
remnants also contribute to the complexity of the shape of fire, increasing the perimeter to 
area ratio . Fire or patch shape is another variable that can be difficult to quantify due to 
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differing methodologies. The simplest approach, and the one taken in this study, is to develop 
a ratio of perimeter to area to explain the complexity of patch shape (Eberhart and Woodard 
1987). Another approach which is being used in ecology, particularly wildlife ecology, is the 
measurement of spatial pattern with fractals (Loehle 1990; Pastor and Broschart 1990; Rex 
and Malanson 1990; Hill and Caswell 1999; With and King 1999). 
In terms of fire ecology, probably the most complex variable to measure, and that 
which has generated considerable debate in fire literature over the past decade, is fire 
frequency. There are two common methods for reporting the periodicity of fire . The first is 
the approach being taken in this study, which is to report the fire cycle, or the number of years 
required to burn an area equal to the area of interest (Johnson and Gutsell 1994; Merrill and 
Alexander 1987). The other approach is to report the fire return interval, which is the average 
number of years between the occurrence of fires at a given point (Merrill and Alexander 
1987). Fire return interval implies knowledge of repeated burning events at particular sites at 
given points in time. These data are usually only obtainable over small areas using intensive 
sampling techniques to date and map fire scars. While these types of data are certainly 
desirable, they are difficult to acquire over extended areas due to the cost of remote travel and 
the time and person-hours required to complete such sampling. It is also difficult to obtain 
information about past fire events in forest types where stand-replacing fires do not generally 
leave fire-scarred trees. Models for estimating the fire frequency and forest age distribution 
have been widely discussed in the literature (Van Wagner 1978; Johnson and Van Wagner 
1985; Johnson and Larsen 1991 ; Johnson and Gutsell 1994; Rogeau 1996) with most 
discussion centered on the negative exponential and Weibull models. These models have been 
used to describe the stochasticity of fire and have been offered as superior treatments for the 
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statistical determination of fire frequency over other fire scar sampling methods (Arno and 
Sneck 1977). In recent years, however, the applicability of these models has been disputed 
because they have not been borne out in empirical tests (Boychuk and Perera 1997; Rogeau 
1996). Some of the reasons that have been hypothesized to cause deviations from the 
theoretical exponential and Weibull distributions are changes in climate (Johnson and 
Wowchuk 1993) and the variability inherent in the amount of annual disturbance in a 
landscape (Boychuk and Perera 1997). 
2.4 Landscape ecology and forest management 
One of the important themes that has emerged from fire research in the past few 
decades is the importance of examining forest fires within the context of the landscape where 
they occur. This has necessitated an understanding of the basic tenets of landscape ecology 
and temporal nature of the forest mosaic. 
The landscape is a unit of study that can comprise both natural and human controlled 
areas (Bunce et al. 1993) and has been defined as a heterogeneous area comprised of clusters 
of interacting ecosystems repeated in similar form (Forman and Godron 1986). Landscapes 
can be very large, but their minimum extent generally is acknowledged as being several 
kilometres in size (Forman and Godron 1986). There has been much literature surrounding 
the topics of landscape delineation and boundaries (Hansen and di Castri 1992), but that is a 
subject deserving more discussion than can be adequately provided here. As alluded to at the 
beginning of this chapter, we now know that the heterogeneous nature of the vegetation 
mosaic in the landscape is important for the propagation and survival of species as they shift 
their distribution over time to recover from natural disturbance (Halpern 1989). The result of 
this is what we see in a natural landscape at any given time-a mosaic of species, growth 
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stages, and structure in dynamic equilibrium (White 1987). This concept of dynamic 
equilibrium does not imply stability, but rather a shifting mosaic of disturbance, recovery, and 
unaffected matrix which is perpetuated in the landscape over time such that biomass may be 
lost or gained in individual landscape elements, but there is little loss or gain of biomass in the 
landscape as a whole. 
Those interested in biological diversity and conservation have been quick to recognize 
the importance of landscape-level perspectives in the consideration of natural systems. 
Research in landscape ecology has highlighted the importance of natural variation in most 
landscapes and the ability of the landscape to adapt to these historical fluctuations . Some have 
discussed the importance of maintaining large areas in near-natural states to allow continued 
ecological functioning and have provided this as a rationale for large preserves or parks 
(Hunter et al. 1988; Hansson and Angelstam 1991). However, due to social, political, and 
economic factors, it is becoming apparent that protected areas are not going to be able to 
assure the species protection and ecological functioning that is required. Thus, in most areas 
this means involving all components of the land base in the management for non-commodity 
objectives . 
In terms of forest management, one method that has been proposed to maintain 
ecological functioning in the Pacific Northwest is management for the conservation of 
biodiversity (Hansen et al. 1991 ; Carey and Curtis 1996). Many techniques have been 
proposed to address the conservation of biodiversity in areas where timber management is 
occurring, for example, shelterwood cutting, longer rotations, and minimized site preparation 
(Carey and Curtis 1996). Another method that has received a great deal of attention is the use 
of natural disturbance regimes as models for logging practices (Hansen et al. 1991; Hunter 
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1993; DeLong and Tanner 1996; Gauthier et al. 1996). It is hypothesized that because fires, 
and other agents of natural disturbance, maintain the structural and age-class complexity in the 
forest landscape, timber management that approximates ecological processes will help to 
address the maintenance of biological diversity. In B.C. , the provincial government has 
developed guidelines, as part of its Forest Practices Code, that are designed to address 
biodiversity objectives by using natural disturbances as cues for logging patterns, old-growth 
forest retention and landscape connectivity (BC Environment 1995). While it would seem 
that B.C. is being progressive on this issue, it has not yet been established whether 
approximating natural disturbances will in fact have the positive impact on biodiversity 
conservation that is anticipated. The hypotheses of mimicry remain largely untested in field 
studies. What is known at this point is that contemporary timber management practices are 
resulting in more fragmented and homogeneous forest landscapes (Mladenoff et al. 1993; 
DeLong and Tanner 1996; Esseen and Renhorn 1998). In turn, fragmentation and 
simplification of the landscape can lead to species decline through population changes in 
organisms dependent upon interior, as well as shrub dominated, forest (Suarez et al. 1997; 
Jokimaki et al. 1998; Hill and Caswell 1999). 
Few conclusions can be reached regarding the viability of mimicry as a biodiversity 
management approach in B.C. because we have yet to quantify past disturbance regimes for 
most ofthe province. Intuitively, it is difficult to model something about which we know very 
little. In north-central B.C., the studies completed by Clark (1994), Andison (1996) and 
DeLong (1997) have taken steps to address this knowledge gap, and it is hoped that this study 
will contribute something meaningful to what has been learned thus far . 
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3.1 Study area description 
CHAPTER III 
METHODS 
Portions of the Hart, Misinchinka, and Park Ranges of the Rocky Mountains were 
chosen as the study area for this project. These mountain ranges are located in north-eastern 
B.C., and trend southeast-northwest between the towns of McBride and Chetwynd, B.C. 
(Figure 0.1 ). In addition to the mountain ranges mentioned above, the southwest portion of 
the study area encompassed part of the rolling hills of the north-eastern comer of the 
McGregor Plateau (Holland 1964). The study area covered approximately 1.3 million 
hectares and most of the SBSvk (Very Wet Cool SBS), ESSFwk2 (Misinchinka Wet Cool 
ESSF), and ESSFwc3 (Cariboo Wet Cold ESSF) biogeoclimatic units. The coordinates 
describing the study area are 53° 15 ' to 55° 45 ' latitude, and 120° 15 ' to 122° 45' longitude. 
Five 1:250,000 National Topographic System (NTS) mapsheets reference this geographic area 
at a small scale (093h, 093i, 093j, 093o, and 093p), and 80 1:50,000 NTS mapsheets cover 







Map of the study area showing the extent of SBSvk and ESSFwk2/wc3 
biogeoclimatic units in north-eastern British Columbia. 
Originally, this study was conceived usmg the McGregor Model Forest (MMF), 
located 30 km north-east ofthe city ofPrince George, B.C., as the study area, with the intent 
of investigating fire history in the above mentioned biogeoclimatic units. However, the study 
area was expanded beyond the boundaries of the MMF because there were few patches of 
age-class 3-7 forest in the SBSvk and ESSFwk2/wc3 biogeoclimatic units. In addition, the 
extent of ESSF forest within the relatively low elevation MMF is limited, and it became 
apparent when considering the larger landscape that a better understanding of the fire regime 
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could be achieved by expanding the study area to include almost the entire extent of the 
SBSvk and ESSFwk2/wc3 biogeoclimatic units, since the larger study area allowed for a more 
representative sample of age-class 3-7 patches on both eastern and western slopes of the 
Rocky Mountains. Relative to the expanded study area, the MMF is located in the south-
western corner of the study area. The sections that follow provide some background 
information on the biophysical conditions in each biogeoclimatic unit comprising the study 
area. 
3.1.1 Physiography, geology, and soils 
A detailed description of the physiography for this large area would be too lengthy to 
present here, but more in-depth information on local geology, landforms, and soils can be 
found in Holland (1964) and Valentine et al. (1978). Below is a brief description of some of 
the main features of the study area as a means of introducing the landscape. 
The study area comprised the ranges of the Rocky Mountain Cordillera in north-
eastern B .C. Trending southeast-northwest, the Hart Ranges run most of the length of the 
study area. Parallel and to the west of the Hart Ranges lie the Misinchinka Ranges. While 
still part of the Rocky Mountain Cordillera, the Hart and Misinchinka Ranges are 
characterized by lower elevations and more rounded relief than are seen in the main ranges of 
the Cordillera in north-western and south-eastern B.C. The highest elevations in the study 
area, approximately 2440 m above sea level (a. s.l. ), are found in the southern portion where a 
small section ofthe Park Ranges extends northward to the head of the McGregor River. The 
lowest elevations in the study area, approximately 615 m a.s.l. , are found in the hills of the 
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McGregor Plateau in the south-western corner of the study area, and in the Rocky Mountain 
Foothills north-east of the Hart Ranges in the north-eastern corner of the study area. 
As with many mountainous areas, the geology of the northern Rockies is complex. 
Formed by folded and faulted sedimentary rocks, the northern Rockies are composed mainly 
of sandstones, limestones, quartzites, schists, dolomites, and shales (Holland 1964; Gardner 
1972). These rocks are mainly Palaeozoic and Proterozoic in age, with younger rocks found 
at the eastern edges of the ranges in the Rocky Mountain Foothills . The age of the rocks 
becomes progressively older as one moves to the west through this portion of the Canadian 
Cordillera (Holland 1964). The section of the northern Rockies within the study area is more 
mature, with lower relief, and less glaciation than is found in the stretch of the Main Ranges to 
the south between Mount Robson, B.C., and Lake Louise, Alberta (Gardner 1972). 
Soils in the study area are indicative of the geological divisions and different parent 
materials. In the southeast, where the thicker quartzite and limestone rocks of the Park 
Ranges extend into the study area, soils are mainly lithic with inclusions of ferro-humic 
podzols and folisols (Valentine et al. 1978). The dominant soil types in the McGregor Plateau 
and the Misinchinka Ranges, where the underlying schistose rocks are more easily weathered 
(Holland 1964), are podzolic soils, chiefly humo-ferric podzols. In the Hart Ranges 
immediately to the east, soils are also dominantly podzolic, but are mainly ferro-humic 
podzols (Valentine et al. 1978). To the east of the Hart Ranges, in the Rocky Mountain 
Foothills, the soils are dominantly brunisolic and are mainly eutric brunisols (Valentine et al. 
1978). In all of these soil types the cold climate influences the character of the soils. 
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Geomorphic processes, such as frost shattering, solifluction6, nivation7, cryoturbation8, and 
avalanches, produce colluvium and ensure that the parent materials that cover mountain slopes 
are constantly in motion. This contributes to soils which are pedogenically youthful 
(Valentine et al. 1978). 
3.1.2 Climate 
Climate within the study area is characterized by high amounts of precipitation and 
cool mean temperatures. The climate is continental, although slightly less so than in the boreal 
forest region to the north and east. A large amount of the total annual precipitation is in the 
form of snow, and snowpacks can reach several metres in many parts of the study area 
(Meidinger and Pojar 1991). Climate is an important criterion in the delineation of the 
biogeoclimatic units and has important repercussions for vegetation associations, as discussed 
in section 3 .1. 3. 
In the SBS zone, mean annual precipitation ranges 438-1588 mm and mean annual 
temperatures range 1.7-5 .0 °C (Meidinger and Pojar 1991). In the SBSvk biogeoclimatic unit, 
one of the higher elevation units in the SBS zone, the mean annual precipitation is 1250 mm 
and the mean annual temperature is 2.6 oc (Reynolds 1989). This places the SBSvk among 
the coldest and wettest ofthe 10 subzones which form the SBS zone. The high amounts of 
precipitation can be attributed mainly to orographic lifting of the westerly air masses as they 
begin to move over the Rocky Mountains. 
6 Solifluction: Slow, downslope movement of fine-grained material on gentle slopes (Whittow 1984). 
7 Nivation: Localized erosion of a hill slope by frost-action, mass-wasting, and erosion by water at t11e edges 
of and beneat11 snowdrifts (Whittow 1984). 
8 Cryoturbation: Frost action which results in churning, heaving, and structural modification of t11e soil in t11e 
periglacial zone (Whittow 1984). 
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The ESSF zone extends over a long longitudinal band, but is uniformly characterized 
by short summers and long, cold, snowy winters. It is a zone of high elevation, with mean 
annual temperatures ranging -2 to 2°C and mean annual precipitation ranging between 500-
2000 rnrn (Meidinger and Pojar 1991). The variability in precipitation received is due to the 
wide variety of physiographic areas covered by the ESSF zone - from drier mountainous 
regions in the lee of the Coast Mountains to the very wet slopes of the western Rockies. A 
large proportion ofthe precipitation in the ESSF zone is received as snow and the snowpack 
in some units can reach up to 4 m in depth (Meidinger and Po jar 1991 ; DeLong et al. 1994). 
Of the 15 subzones delineated within the ESSF, the two subzone variants present in the study 
area, the ESSFwk2 and the ESSFwc3, fall toward the upper end of the precipitation gradient. 
In the ESSFwk2, the mean annual precipitation is 1538 mm and the mean annual temperature 
is 0.3°C (Reynolds 1989). In the ESSFwc3, the mean annual precipitation is 1409 rnrn and the 
mean annual temperature is -1.0°C. The ESSFwc3 is located directly above the ESSFwk2, 
and its position just below the alpine treeline and alpine tundra explains the lower mean annual 
temperatures. As would be expected, the snowpack is more persistent in the ESSFwc3 . 
There are no permanent climate stations within the study area, however, two nearby 
climate stations at the northern tip of the study area help to illustrate the climatic differences 
between windward (western) and lee (eastern) slopes of the Cordillera. At Pine Pass (945 m 
a. s.l) on the western side of the Rocky Mountain Trench, mean annual daily temperatures are 
only 0.8°C and the mean annual precipitation is 1915 mm (Environment Canada 1980). In 
contrast, the B.C. Forest Service climate station at Chetwynd (660 m a.s.l), on the eastern 
side of the Rockies, indicates a mean annual temperature of 2.0°C and a mean annual 
precipitation 467 rnrn. Pine Pass, therefore, receives on average more than four times the 
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precipitation that is received in Chetwynd. The Pine Pass climate station is at a higher 
elevation, which explains some increase in precipitation and the lower mean temperature, 
nonetheless, these climate stations provide good examples of the climatic differences between 
east and west slopes in the northern portion of the study area. 
3.1.3 Vegetation 
All scientific names and botanical authors in this section are derived from Farrar 
(1995) and Mackinnon et al. (1992). As indicated by the biogeoclimatic unit names, the 
forests of the study area are dominated by spruce, i.e., white spruce (Picea glauca (Moench) 
Voss), Engelmann spruce (Picea engelmannii Parry ex Engelm.), and hybrid spruce (Picea 
glauca x engelmannii), and subalpine fir. Generally, spruce and fir occur together in stands. 
Spruce is the longer-lived tree species, and tends to dominate mature forests at lower and 
middle elevations within the study area, while subalpine fir is abundant in the understory 
(Meidinger and Pojar 1991). At higher elevations and in wetter areas subalpine fir frequently 
is the dominant canopy tree. 
Other tree species that occur in the SBSvk biogeoclimatic unit are lodgepole pine 
(Pinus contorta (Doug!. ex Loud.) var. latifolia Engelm.), Douglas-fir, and black spruce 
(Picea mariana (Mill.) BSP). However, these species generally are present only on sites 
which are at both extremes of the soil moisture gradient. White birch (Betula papyrifera 
Marsh.) and western hemlock also occur sporadically in the canopy in this biogeoclimatic unit 
(DeLong et al. 1996). 
The tree species mentioned above generally do not occur as minor stand components 
in the ESSF units within the study area. In the ESSFwk2 biogeoclimatic unit, Engelmann 
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spruce and subalpine fir are dominant. Sitka alder (Alnus viridis ssp. sinuata (Regel) A. Love 
& D. Love) is common on north facing slopes, as well as along avalanche tracks (Meidinger 
and Pojar 1991). Forests of the ESSFwc3 unit have much the same composition as in the 
ESSFwk2 unit, but forest structure in the Cariboo variant tends to be more discontinuous, 
with widely spaced clumps and krumrnholz trees. The alpine tundra (AT) zone can be readily 
distinguished from the ESSFwc3 unit since trees are only present at the lowest elevations of 
the AT zone, and then only in krumrnholz form (Meidinger and Pojar 1991). 
Understory vegetation within the study area is a key indicator of biogeoclimatic unit 
boundaries, and has been used in the delineation of these boundaries. Common understory 
vegetation in the SBSvk unit is suggestive ofthe high amounts of precipitation received in this 
area-Oplopanax horridus, Veratrum viride, and Dryopteris expansa are abundant. In the 
ESSFwk2 unit, the elevational and climatic changes are evidenced by the appearance of 
Rhododendron albiflorum and the greater abundance of Ptilium crista-castrensis. In the 
ESSFwc3, the further increase in elevations and decrease in temperatures are indicated by a 
lower abundance of Oplopanax horridus than in the ESSFwk2 unit, but a greater abundance 
of Rhododendron albiflorum, Vaccinium membranaceum, Streptopus amplexifolius, and 
Valeriana sitchensis. 
3.2 Data collection and analysis 
The most common type of fire in the study area is crown fire . The conical crowns of 
spruce and fir have low branches, and nearby ladder fuels allow fire to spread easily into tree 
crowns and move from tree to tree. Crown fire, combined with dominant vegetation that is 
not well-adapted to fire survival, results in a forest where fire-scarred trees rarely are present. 
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This makes accurate determination of fire history difficult since there remain few natural clues 
of past fire activity. As a result, traditional methods of determining fire history, i.e., detailed 
measurement and dating of fire scarred trees along a systematic grid over small geographic 
extents (Arno and Sneck 1977; Arno et al. 1993), are oflittle use in the study landscape. The 
same is true of the technique of measuring fire-scarred trees that occur along the periphery of 
stand replacing burns.. This technique is sometimes used in the boreal forest (Johnson and 
Gutsell 1994; Francis 1996). Location of peripheral trees with >40 year old fire scars would 
have been very difficult, with a high likelihood that such trees would have decayed in the 
intervening time. In addition, the large size of the study area and the rugged terrain limited 
accessibility for field measurements. Thus, as an alternative to the measurement and dating of 
fire scars (based on tree cores and cross-sections), age-class information from forest inventory 
records was used to describe the fire regime in these ecosystems. 
3.2.1 Delineation of disturbance patches 
The first stage in this study was to determine where past fire events may have 
occurred. To do this, forest inventory data from the B.C. Ministry of Forests was used to 
delineate patches of younger forest. The greatest assumption made in the course of this study 
is that natural-caused wildfire has been the main ecological process shaping the younger forest 
patches. Also, it must be assumed that there has been limited lag in seedling regeneration 
following a fire. Similar assumptions have been made elsewhere (Rogeau 1996). However, it 
is likely that a proportion of the patches defined as being of fire origin were the result of some 
other natural process (e.g., insects, diseases, and windthrow), and it is known that there are 
variable lags in seedling establishment following disturbance (Delong et al. 1998). There also 
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is a possibility that some of these fires may have been of human origin, although there are no 
data that suggest a large number offires were set by indigenous peoples within the study area. 
Digital forest inventory data was imported from Intergraph IGDS format into the 
ARC/INFO geographic information system (GIS) by Timberline consultants, Prince George, 
using an algorithm developed by this firm. A routine was developed to aggregate contiguous 
patches of equivalent age-classes for all patches between age-classes 3-7 ( 40-140 years old). 
The routine was repeated for 183 1:20,000 digital forest inventory map sheets. Criteria built 
into the aggregation routine required that age-class 3-7 patches (Table 3.1) remained intact 
over most biogeoclimatic unit boundaries to avoid severing patches and artificially reducing 
patch size. Additionally, if 50% of the patch area was inside either the SBSvk or 
ESSFwk2/wc3 unit boundaries, then the entire patch was included in that biogeoclimatic unit 
for analysis. 





















Areas ofknown logging were 'removed' from the landscape by ascertaining the age of 
the surrounding forest and assigning that age-class to the disturbed area. In most cases, the 
surrounding forest was of age-class 8 (141-240 years). Remaining forest in age-classes 1 and 
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2 (1-40 years) was not used in the analysis due to fire size and frequency having been affected 
by fire suppression activities during the past 40 years. The remaining younger age-class 
patches also were assigned the age-class of the surrounding forest. In analyzing only forest 
patches in age-classes 3-7, it was hoped that a ' snapshot' of the forest prior to the impacts of 
logging and fire suppression could be obtained. 
It is important to note that not all of the study area's 1:20,000 mapsheets were used in 
the analysis. In the 1930s, timber harvesting activities impacted the most accessible lower 
elevation forests along the Fraser River (Bob Dorattl, pers.comm.). This logging activity 
centered around diameter-limit cutting, but was not consistently labeled in the forest inventory 
database. This inconsistency made reconstruction of the stand age-classes in these partially 
cut areas impossible. As a result, several mapsheets along the Fraser River were excluded 
from the analysis. 
The accuracy of the age-class patches was of concern when detailed inspection 
revealed that some age-class polygons were bisected by small linear features . To avoid 
artificial separation of patches, each mapsheet was closely examined and linear features, such 
as roads, rivers, and power lines, were removed to join the bisected patches. Despite these 
adjustments, there continued to be a few patches that were obviously severed. These patches 
were identified by the presence of straight edges-an uncommon feature in the natural world! 
It is most likely that these straight edges were the result of inconsistent age-class typing in the 
forest inventory, since most of the suspect patches occurred at the margins of the 1:20,000 
forest cover mapsheets. 
9 Bob Doratty, RPF, T.F.L. Planning Forester, Northwood Puip and Timber Ltd., PO Box 9000, Prince George, 
B.C. , V2L 4W2 
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3.2.2 Patch characteristics 
Once the final patch map had been assembled (Appendix 1), the vector patches were 
investigated using descriptive statistics. Three different measures were used to characterize 
and quantify patch characteristics by east and west slopes and by age-class. Patch size and 
shape were calculated, and the fire cycle was estimated based on rate of disturbance. 
3.2.2.1 Patch size 
Patch sizes were evaluated for all age-classes combined, as well as for each age-class 
separately. A frequency distribution of patch sizes was developed, as was a distribution of the 
area of disturbance by patch size Class. The patch size classes used to conduct analyses are 
presented in Table 3 .2. To compare the results of patch size analyses with data presented in 
the Biodiversity Guidebook (BC Environment 1995), the Guidebook patch size classes used 
for Natural Disturbance Type 1 and 2 ecosystems also were used in the analyses (Table 3.3). 
Table 3.2 Patch size class used in descriptive and statistical analyses. 













Table 3.3 Biodiversity Guidebook natural disturbance patch size classes for NDT 1 and 
NDT 2 ecosystems (Source: BC Environment 1995). 
Patch size class (ha) 
< 40 ha 
40-79 ha 
80-249 ha 
To correspond with topographical analyses, patch sizes were examined by separating 
the study area into two portions: the area lying to the west (windward slopes) of the height-
of-land of the Rocky Mountain Cordillera, and the area lying to the east (lee slopes) . As 
described previously, the rationale for this division was that the mountains form a significant 
barrier to air masses traveling in the direction of the prevailing westerly winds, resulting in 
orographic precipitation on the westward slopes and a drying effect as air masses move 
downslope on the eastern lee slopes. Further justification for this separation of patches is 
provided in section 4.3 .1. 
3.2.2.2 Patch shape 
Patch shapes were compared for eastern and western portions of the study area using 
an equal-variances independent-samples t-test, conducted using the SPSS statistical package 
(Statistical Program for the Social Sciences 1996). Patch shape was calculated for all patches 
using a perimeter to area ratio . This simple method of quantifying and comparing shape 
indices of fire patches has been used in previous studies, and effectively determines the ratio of 
the perimeter of the patch to the perimeter of a circle with an area equal to that of the patch 
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(Eberhart and Woodard 1987; DeLong and Tanner 1996). The result is an index that 
describes the shape of the patch, such that increasingly complex shapes have indices that are 
increasingly divergent from the index of a circular patch (i .e. 1.0). Shape index was calculated 
as 
p 
[ 1] Shape index = c li 
2* ....;tr*....; A 
where P is the length of the patch perimeter (m) and A is the patch area (m2) . Patch shape 
indices were transformed for the t-test using an inverse transformation due to a high degree of 
positive skewness and a large number of outliers. 
The independent samples t-test compares the means of two samples and determines 
whether the difference between them is a significant departure from zero. The following 
hypotheses were used for this test: 
H0: Mean difference is equal to zero 
HA: Mean difference is not equal to zero 
The alpha level specified for this test, as well as all subsequent tests, was a=0.05 . In 
addition to using statistical significance to evaluate the relationship between these variables, 
and most of the other variables described in this chapter, "effect size" also was determined. 
Effect size is the degree to which H0 is believed to be false . Existing criteria for small, 
medium, and large effects proposed by Cohen (1992) was used to help determine whether the 
statistical results were meaningful. The ability to detect a given effect size is directly related 
to n and the statistical power afforded by n and a. There is an inverse relationship between 
these elements, such that a larger n will allow detection of a smaller effect, as well as the use 
of a smaller a level. Effect size was determined for the independent samples t-test using the 




where dis the effect size index, m is the mean, and CTis the standard deviation. The effect size 
definitions given by Cohen (1992) for this test are d=0 .20 ---+small, d=0.50---+medium, and 
d=O. 80----+large. 
3.2.2.3 Rate of disturbance 
Rate of disturbance was estimated for eastern and western portions of the study area. 
Disturbance rates were calculated by determining the percentage of area disturbed in each 
age-class (i.e., area in each age-class-;- total forested area), then dividing this percentage by 20 
to obtain an estimate of the annual area burned. The inverse of this result, with a percentage 
correction, is the fire cycle (Andison 1996; Johnson 1992). The fire cycle was calculated as 
[3] 
100 
Fire cycle= =---------= 
[ (% are~~urned)!Oo] 
where area burned refers to the percentage of forest land burned in any 20 year interval and 20 
is the number of years in each age-class (i.e. , age-classes 3-7). In the eastern portion of the 
study area, the total area of forested land within the study area was 381,503 ha. In the 
western portion ofthe study area, there was a total of913 ,458 ha within the study area. 
There are two common methods for reporting the time-since-fire for any area. The 
first approach, the one taken here, is to report the fire cycle. The fire cycle is defined as the 
number of years required to burn an area equal to the area of interest (Merrill and Alexander 
1987; Johnson and Gutsell 1994). The other approach is to report the fire return interval, 
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which is the average number of years between the occurrence of fire at a given point (Merrill 
and Alexander 1987). When the mean age of the forest is equivalent to the fire cycle, fire 
return interval and fire cycle are the same. As a result, the concepts of fire cycle and fire 
return interval are related. However, fire periodicity has been described in this study in terms 
of the fire cycle rather than the fire return interval. This is because fire return interval implies 
knowledge of fire events at specific locations in time. This study can only estimate the annual 
rate of burn across a large area, hence fire cycle more accurately describes the temporal 
characteristics of fire assessed here. 
The biogeoclimatic units were not considered separately in the east/west slopes 
analysis as it is common for fires to move upslope across unit boundaries. Also, this 
separation would have made it difficult to compare east and west slopes since there is no area 
in the SBSvk biogeoclimatic unit on the eastern side of the height-of-land. However, the rate 
of disturbance and fire cycle was analyzed for both the SBSvk and ESSFwk2/wc3 
biogeoclimatic units over the entire study area. This was done so that rate of disturbance 
results could be compared with existing fire return interval estimates and natural disturbance 
type guidelines given in the provincial Biodiversity Guidebook (BC Environment 1995). 
Variations in rate of disturbance due to elevation and other topographic factors were 
not considered. Patch size data were used to derive the rate of disturbance and fire cycle 
estimates. The question of differences in eastern and western patch sizes and their relationship 
with topography is discussed below. There was no benefit in repeating topographical analyses 
for rate of disturbance. 
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3.2.3 Digital elevation model 
To address the second objective of the study, which was to relate historical fire 
characteristics to the study landscape, a digital elevation model (DEM) was constructed. This 
was completed using the ARC/INFO (ESRI 1997) geographic information system (GIS), and 
in particular its GRID raster module. 
Initially, small scale elevation data scanned from 1:250,000 topographic maps were 
used to construct a DEM. This small scale DEM was constructed from elevation point data, 
topographic breaklines, and lake elevation and perimeter for six NTS mapsheets. However, 
the surface produced did not prove ideal and was lacking in essential detail. As a result, when 
finer resolution elevation data became available from GeoData BC10, the DEM was re-
constructed. The data obtained from GeoData BC were collected at 50-75 m intervals for the 
1:20,000 provincial Terrain Resource Inventory Management (TRIM) project and were 
received as six ASCII files . The accuracy assessment provided by GeoData BC for these 
TRIM elevation data was that 90% of all points were accurate to within ± 10 m of their true 
elevation. 
The ASCII files could not be imported directly into GRID, so the image processing 
package PCIW orks (PC I Inc. 1996) was used to import and prepare the data for export into 
GRID. A raster DEM was built in GRID for each of the six mapsheets using a 25 m cell size. 
Spurious 'no data' wedges were detected on mapsheet margins along the Alberta border and 
these high values were reset to legitimate null values. An algorithm written in Arc Macro 
Language (AML) to detect spikes and pits in the surfaces (a common problem with 
1° Crown Corporation of the Province ofBritish Columbia: Minjstry of Environment, Land and Parks 
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interpolated surfaces) was created in GRID and applied to each mapsheet to average and 
correct any spurious cell values (Appendix II) . This algorithm corrected elevation errors in 26 
cells within these DEMs. 
After the six 25 m DEMs were checked for errors they were combined into one large 
25 m DEM using the GRID command MOSAIC. This command merges adjoining grids using 
a proximity analysis algorithm (ESRI 1997) to treat overlapping data. This ensured smooth 
transition zones along the margins of the six separate grids as they were merged into one large 
grid. An average difference routine (Appendix II) was run to determine ifthere were any cells 
or groups of cells that had hugely different values than the surrounding cells. Only one small 
band of erroneous cells were located. These cells were smoothed by applying a localized 
averaging filter. 
In order to minimize storage space and time required for data manipulation, while 
maintaining a reasonable resolution, the 25 m DEM was resampled to a 50 m cell size using 
bilinear interpolation (ESRI 1997). The resampling procedure reduced the storage size of the 
surface by 75% from 146,231 ,040 cells to 36,557,760 cells. The final 50 m DEM (Figure 3.2) 
measured 6780 cell rows by 5392 cell columns and covered an area of approximately 8.8 
million hectares. The model encompassed a range in elevation of 2795 m, with a minimum 
cell elevation of 453 m and a maximum cell elevation of 3248 m above sea level. As a final 
check on the accuracy of the 50 m DEM, the spike/pit cell detection and averaging routine 
was run again. The algorithm detected and corrected 8 cells by assigning the spikes/pits the 
value ofthe average ofthe 8 neighbouring cells. Following this adjustment, the finalized 50 m 
DEM was combined with patch and fire data to investigate their relationships with 
topography. 
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Figure 3.2 50 m grid cell resolution digital elevation model displayed with a linear 
grayscale stretch. Low elevations are displayed in darker tones, while the 
highest elevations are shown in white. 
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3.2.4 Analysis of disturbance patches in a landscape context 
After developing a DEM that was appropriate for representing the study landscape, 
the next step was to examine the relationships between the disturbance patches and the 
landscape characteristics. From the finalized DEM, the four most important landscape 
characteristics were derived. In addition to elevation, grids at a 50 m resolution were created 
for slope, aspect, and distance from height-of-land (Appendix III) . 
It has been most common for studies investigating landscape characteristics to work 
with vector data, where features are represented by polygons and organized into classes of 
information. While somewhat effective, the separation of topographic data into classes results 
in a loss of information and limits statistical analyses by changing the continuous nature of the 
data. The benefit in using a raster system is that cells representing continuous (as opposed to 
categorical) data can be directly compared to each other and the possibilities for data analyses 
are increased. 
3.2.4.1 Rasterization of disturbance patches 
In order to relate disturbance patches to topographic data, the vector patches were 
rasterized at the same resolution as the DEM (50 m). The patches were then combined with 
the grids of elevation, slope, aspect, and distance from height-of-land. The result was four 
grids displaying the variation in topographic cell values for each patch. A single topographic 
value (e.g. , elevation, slope, etc.) was then determined for each patch by calculating the mean 
of all the cells composing each patch through a small AML program (Appendix II) . Patch 
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numbers and their associated mean elevation, slope, aspect and distance from height-of-land 
were then exported from ARC/INFO into SPSS (Statistical Program for the Social Sciences 
1996). In addition to the four topographic variables mentioned above, a code was also 
included for each patch which identified whether the patch lay on the eastern or western 
slopes of the Rocky Mountain Cordillera. 
3.2.4.2 East/West slopes ANOVA 
Of interest in the examination of the relationship of disturbance patches with 
topographic data was how well the variance in the dependent variables patch size and shape 
could be explained by the topographic variables (i .e., elevation, slope, aspect and distance 
from height-of-land). However, before appropriate statistical analyses could be performed, it 
was necessary to test to see whether macro-orientation was a confounding variable. An 
analysis of variance (ANOVA) was carried out to determine whether there were significant 
differences between patch sizes for the eastern and western slopes of the Rocky Mountain 
Cordillera. There are important climatic differences between the western (windward) and 
eastern (lee) slopes of the mountain ranges. The windward slopes receive more precipitation 
than do lee slopes (see section 3 .1.2). It certainly appeared, in examining means of patch sizes 
for east and west slopes, that a difference existed. 
A one-way ANOV A was used to compare eastern and western patch sizes. The 
hypotheses constructed for the test were: 
Ho: Mean patch size (east) is equal to mean patch size (west) 
HA: Mean patch size (east) is not equal to mean patch size (west) 
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The effect size for the ANOVA was determined using Kirk ' s (1996) criteria. The 
effect size for the ANOVA was calculated as 
[4] C0 2 = dfoa(F-1) 
dfoa(F -1) + N 
where co2 is the effect size index. The effect size definitions given by Kirk (1996) are 
Although ANOV A is robust to departures from normality, especially at large sample 
sizes, data were transformed using a log10 transformation due to extreme positive skewness in 
the dependent variable patch size. While this improved the distribution considerably, one 
patch remained an extreme case. Patch number 18 (13,549 ha), the largest patch in the study 
area by far, did not appear to be a part of the intended sample population. Following 
recommendations in Tabachnick and Fidell (1996) regarding extreme cases, this patch was 
removed from the sample population. Because of the large sample size and the extreme value 
of this case, it was concluded that deletion was justified. Another issue was the inequality of 
group sample sizes and the larger variance within the smaller group. The discrepancy between 
the sample sizes of eastern (n=1334) and western (n=1805) groups was a function ofthe data 
and little could be done to correct it. SPSS (1996) compensates for this inequality by giving 
heavier weighting to the group with larger n . Using different weightings to compensate for 
inequality of sample size is the approach recommended by Tabachnick and Fidell (1996). 
Based on the results of the ANOVA (see section 4.3.1), all subsequent analysis was 
conducted separately for eastern and western slopes of the Rocky Mountains. 
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3.2.4.3 Patch size regression 
Linear regression was used to explain the variation in the dependent variable patch 
stze. The regression analyses were conducted separately for east and west slopes. Originally, 
the intention was to run the regression analyses using four independent variables: aspect 
(degrees), elevation (m), slope (%), and distance from height-of-land (m). However, in the 
course of working with the data some concern developed over the usefulness of the aspect 
data for statistical analyses. Aspect is a variable often used in fire studies, although it is 
usually generalized and presented in a categorical form (e.g., south, west, etc.). The problem 
presented by using actual slope aspect values (measured in degrees) to determine mean patch 
aspect is that aspect is not a continuous variable. This mainly becomes an issue when 
measuring north-facing patches. For example, a patch with pixels facing slightly north-west 
(e.g., 350°) to slightly north-east (e.g., 10°) may average out to a mean aspect of 180°, which 
is south-facing and not representative of the true nature of the patch. The potential for such 
"false" mean aspects would tend to be greater in larger patches. For this reason, aspect was 
not included as an independent variable and the regression analyses of patch size and patch 
shape were conducted against the independent variables elevation, slope, and distance from 
height-of-land. The aspect data were considered of sufficient reliability for use in the 
graphical comparisons ofpatch data and fire locations (see section 3.2.5 .1). 
Initial screening was performed prior to regression analysis. Descriptive statistics, 
boxplots, and scatterplots were examined to screen data for violations of the assumptions of 
normality and homoscedasticity. Pearson correlations were used to determine the shared 
variance of all variables, as well as the effect size of all results. Squared semi-partial 
correlations were used to judge the relative importance of the independent variables. Squared 
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semi-partial correlations represent the unique contribution of an independent variable to R 2 in 
a given set of independent variables (Tabachnick and Fidell 1996). The hypotheses 
constructed for the regression analyses were: 
Ho: All slope coefficients are equal to zero 
HA: At least one slope coefficient is not equal to zero 
Effect sizes for all linear regressions were evaluated using Cohen's (1992) guidelines 
for multiple and multiple-partial correlation. The effect sizes were calculated using the 
equation: 
where / 2 is the effect size index. The effect size definitions given by Cohen (1992) are 
/
2 =0.02---+small, / 2 =0.15---+medium, and .l=0.35---+Iarge. Effect sizes for all Pearson 
correlations were determined using ·guidelines for r, whereby r=0.10---+small, 
r=0.30---+medium, and r=0.50---+large (Cohen 1992). 
Although linear regression is fairly robust to departures from normality, the level of 
skewness in the dependent variable patch size for both east and west slopes was extreme. To 
normalize these data, a constant of i was added to the data and a logw transformation was 
applied. This resulted in an improvement of the distribution of patch sizes, however, a 
boxplot of the transformed variables revealed that in the east slopes data, patch number 18 
(13,549 ha) was still an extreme case. This patch was removed from the data set because it 
did not appear to be a member of the representative sample population and because the 
sample size for the test was not substantially affected by its removal. Tabachnick and Fidell 
(1996) support the removal of extreme cases and the careful consideration of outliers. With 
the removal of patch 18 from the eastern regression analysis, many outliers still remained, 
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however, as Tabachnick and Fidell (1996) point out, this is to be expected in a data set with 
large n . 
With the log10 transformation applied to the west slopes patch size data, the extreme 
positive skewness was normalized and no extreme cases remained. Outliers were still present, 
but these were retained for the reason given above. Deviations from normality were more 
pronounced in west slopes independent variables than was seen with east slope variables. 
These were not transformed, however, as regression is robust to deviations from normality at 
large n, and the distributions of the west slopes independent variables were not badly skewed. 
Scatterplots of the dependent variable against each independent variable did not reveal any 
non-linear patterns, but the data did exhibit a large amount of scatter and lack of a clear 
sloping trend. 
3.2.4.4 Patch shape regression 
Linear regression also was used to explain the variation in the dependent variable 
patch shape. The three independent variables used in this analysis were as above in the patch 
size analysis. As patch size and patch shape are somewhat related, in that larger patches are 
usually characterized by more intricate shapes, the regression analyses were conducted 
separately for east and west slopes based on the result of the patch size ANOV A 
As with the patch size regression analyses, data was screened for violations of the 
assumptions of normality and homoscedasticity using descriptive statistics, boxplots, and 
scatterplots. Pearson correlations, effect size, relative importance of independent variables, 
hypotheses and the regression model were assessed as in section 3.2.4.3 . 
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As with the patch size data, large deviations from normality were observed for the 
dependent variable patch shape. Patch shape data for both east and west slopes were highly 
positively skewed and were normalized through an inverse transformation. This resulted in 
excellent normalization of the data, with the added benefit that all outliers and extreme cases 
were eliminated. Scatterplots of the dependent variable against each independent variable did 
not reveal any non-linear patterns, but the data did exhibit a large amount of scatter and lack 
of a clear sloping trend. 
3.2.5 Lightning-caused fires 
Fire characteristics of lightning-caused fires in the study area for the era of fire 
suppression have not been the principal focus of this study. However, fire records for the 
period of 1950-1992 were obtained from the BC Ministry of Forests and analyzed for two 
reasons. First, the data were used to roughly compare the differences in size between the 
hypothesized historical patches and actual fire events. Second, in an attempt to determine the 
confidence with which disturbance patches could be represented as fires, the actual lightning 
fire locations were investigated in terms of their distributions and relationships with 
topography. 
Frequency distributions were developed for lightning-caused fires by biogeoclimatic 
unit, as well as for each side of the height-of-land. Fires also were examined by size class in 
terms of their contribution to the total area burned. Apart from these cursory examinations, 
fire size data were not used in any subsequent analysis. The usefulness of these data was 
limited in that it was not known which fires were influenced by fire suppression. As described 
in previous sections, fire suppression policies have been in effect in north-central B.C. since 
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the 1950s. Fires subject to attack by fire crews would likely have been put out, or at least 
curtailed, and therefore not allowed to spread to their natural size. It is possible that some 
fires, particularly those in very remote areas, escaped fire suppression. However, without 
more specific data on suppression activities for each fire, it was most prudent to assume that 
all recorded fires had been influenced by fire suppression. 
3.2.5.1 Comparison of topography associated with age-class 3-7 patches and fire 
locations 
In an effort to develop a level of confidence around the extrapolation of patch results 
to natural-caused fires, a comparison was made between the topographic variables associated 
with age-class patches and actual fires for both eastern and western portions of the study area. 
The distribution of the elevations, slopes, aspects, and distances to height-of-land for age-class 
patches were compared with the identical variables associated with actual fire locations. 
These comparisons were carried out graphically, rather than statistically. There were 
significant differences between the magnitude of the distributions that could not be addressed 
by existing statistical tests designed to compare the similarity of sample distributions. In 
addition, there was a large discrepancy between the resolution of the fire ignition data and the 
patch data, and this introduced a confounding variable. Fire ignition data were located by the 
B.C. Ministry of Forests to within 1 km grid cells, while patch data used in this study were 
developed at a 50 m cell resolution. Consequently, in order to link the fire data with 
topographic variables of equivalent resolution, the 50 m DEM was resampled to a 1000 m 
grid cell size. Then grids of aspect, slope, and distance to height-of-land were created based 
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on the 1000 m DEM. The fire point data and topographic grids were then combined to 
determine the topographic values associated with each fire point location. 
These analyses were not intended to provide a conclusive relationship between 
disturbance patches and historical fire location. Along with the use of existing data on fire and 
other natural processes in this region, these analyses simply were intended to help estimate the 
likelihood that disturbance patches were the result of forest fire . 
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4.1 Natural disturbance patches 
CHAPTER IV 
RESULTS 
The process of stand aggregation based on age-class for age-classes 3-7 (i.e., 40-140 
years), yielded a total of 3163 patches within the study area. Further manual aggregation of 
patches artificially separated by linear features or streams reduced this number to 3119 (Table 
0.1). The total area in age classes 3-7 was 121,463 ha, or 11 .6% of the total forest area in the 
portion of the SBSvk and ESSFwk2/wc3 located within the study area. In other words, the 
reconstructed 'snapshot' of these forests for the period of 1853-1953 shows over 88% of the 
forest area (i.e., those areas not classified as alpine, non-productive forest, lakes, bogs, etc.) as 
age-class 8 (140-250 years). This age-class is considered old-growth by the BC Ministry of 
Forests. The area in stands listed as age-class 9 (250+ years) within the study area was 
negligible ( 40 ha). 
4.2 Patch characteristics 
4.2.1 Patch size 
Patch size results by age-class and east/west side of height-of-land are presented in 
Table 0.1. Over the entire study area, the number of patches in each age-class increased 
toward the older age-classes. Mean patch size for the entire study area for all age-classes 
combined was 39 ha, with patch sizes ranging 0.1-13,549 ha. The total area in each age-class 
ranged from a low of 10,752 ha in age-class 3 to a high of34,590 ha in age-class 6. The area 
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in age-class 6 was strongly influenced by one very large patch in the north-eastern corner of 
the study area. 
Table 4.1 Total area, ranges, mean, and median patch sizes in the eastern and western 
portions of the study area for age-classes 3-7. 
Age-classes Descriptive Statistics East West 
3 (41-60 years) Number of patches 115 280 
Total Area 5569 ha 5183 ha 
Range 1-1656 ha 0.1-458 ha 
Mean 48 ha 19 ha 
Median 10 ha 5 ha 
4 (61-80 years) Number of patches 207 285 
Total Area 10,744 ha 10,971 ha 
Range 0.7-1248 ha 0.2-1223 ha 
Mean 52 ha 38 ha 
Median 13 ha 6 ha 
5 (81-100 years) Number of patches 337 340 
Total Area 22,776 ha 5321 ha 
Range 0.1-3850 ha 0.4-704 ha 
Mean 68 ha 16 ha 
Median 16 ha 6 ha 
6 (101-120 years) Number of patches 296 430 
Total Area 27,720 ha 6870 ha 
Range 0.1-13,549 ha 0.5-214 ha 
Mean 94 ha 16 ha 
Median 13 ha 7 ha 
7 (121-140 years) Number of patches 383 474 
Total Area 14,688 ha 11 ,622 ha 
Range 0.4-1235 ha 0.1-1137ha 
Mean 38 ha 25 ha 
Median 13 ha 8 ha 
All age-classes combined Number of patches 1338 1809 
Total Area 81,497 ha 39,966 ha 
Range 0.1-13,549 ha 0.1-1223 ha 
Mean 61 ha 22 ha 
Median 13 ha 6 ha 
The number of patches of age-class 3-7 forest differed between eastern and western 
slopes, with 1338 and 1809 patches respectively. Ten patches were found to straddle the 
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height-of-land and were counted in both the east and west analyses. In addition, in the 
process of rasterizing the patch data (which was originally stored as polygons) 3 and 4 small 
patches were lost from eastern and western portions of the study area, respectively. 
Rasterizing fine scale polygon data generally results in loss of detail. 
Separating the study area into eastern and western slopes revealed a total of 381,503 
ha afforested land on eastern slopes, and 913 ,458 ha of forested land on western slopes. The 
area in sera! forest on each side of the divide also differed, with approximately twice the area 
in patches of age-class 3-7 on the east slopes (81 ,497 ha) as compared with the west slopes 
(39,966 ha), despite the smaller number of patches and smaller total area on the eastern 
slopes. Mean patch size differed between east and west with an east slope mean patch size of 
61 ha and a west slope mean patch size of 22 ha. 
Over the entire study area more than 85% of age-class 3-7 patches were <50 ha in size 
(Figure 4.la) . On the east slopes approximately 80% of patches were <50 ha in size, while on 
the west slopes more than 90% of patches were <50 ha. This positive skewness was mirrored 
in the patch size distributions of age-classes in both east and west slopes when each age-class 
was also considered separately. In all cases, <1% of disturbance patches were > 1000 ha in 
SIZe. 
Distributions were also developed for patch size in terms of the contribution of patches 
to the total area in age-class 3-7 forest. Despite the much lower frequencies of larger patches, 
these distributions highlighted how patches >50 ha in size contribute much more to the total 
area disturbed within the study area than do the smaller patch size classes (Figure 4.1b). In 
fact, in contrast with the patch size frequency results presented above, 75% of the total area in 
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Figure 4.1 
Patch size {ha) 
(A) 
(B) 
(A) Patch size frequency distribution of age-class 3-7 patches for the entire 
study area, and (B) total area in age-classes 3-7 over the entire study area by 
patch size class (n=3119). 
When patch size was examined in terms of its contribution to the total area disturbed 
for east and west slopes, there were differences in the distributions, with a larger proportion of 
disturbed area created by large patches in the eastern portion of the study area. On east 
slopes, 82% ofthe total area in age-classes 3-7 was found in patches >50 ha in size (Figure 
4.2a). In fact, on east slopes 17% of the disturbed area was accounted for by a single 13,549 
ha patch of age-class 6 forest. On west slopes, only 60% of the total area in age-classes 3-7 
was found in patches >50 ha in size (Figure 4.2b). 
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Patch size (ha) 
(B) 
Total area in age-classes 3-7 in the (A) eastern portion of the study area 
(n=1335), and (B) western portion of the study area (n=1805) by patch size 
class. 
When the patch sizes for the entire study area, as well as for the eastern and western 
portions, w~re examined in terms of the patch size classes suggested in the Biodiversity 
Guidebook (BC Environment 1995), it was revealed there is a discrepancy between the 
distribution recommended in the Guidebook and that which existed historically in the study 
landscape (Table 4.2). For example, as the table below indicates, a large proportion of the 
area in age-classes 3-7 within the study area is accounted for by patches greater than 250 ha, 
while the Guidebook contains no recommendations for patches greater than 250 ha in size. 
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Table 4.2 Patch sizes for age-class 3-7 patches in the entire, eastern, and western 
portions of the study area in terms of their contribution to the total area 
disturbed, and the patch size distribution recommended in the provincial 
Biodiversity Guidebook. 
Patch size (ha) Biodiversity Distribution of Distribution of Distribution of 
Guidebook patch sizes as a patch sizes as a patch sizes as a 
recommended % of the total % of the total % of the total 
distribution of area disturbed area disturbed area disturbed 
patch sizes as a for the entire for eastern for western 
% of the forest study area slopes slopes 
area within a 
landscape unit 
< 40 30-40% 21% 15% 34% 
40-79 30-40% 13% 10% 17% 
80-249 20-40% 20% 19% 22% 
>250 0% 46% 56% 27% 
4.2.2 Patch shape 
Using the shape index of vector patches as a measure of shape complexity, it was 
revealed that patches in the eastern portion of the study area were more complex than those in 
the western portion of the study area. Mean patch shape index for the eastern portion of the 
study area was 2.01 , while the western portion was 1.82. The independent samples t-test 
showed these means were significantly different, t0.05(3145)=-7.266, p<O.OOI. Cohen's (1992) 
index of effect size for the t-test of independent means revealed that the effect size of the 
difference between the means is small (d=0.26). The range of patch indices in eastern portion 
of the study area was 1.04-8.78, while the range in the west was 1.02-6.78. Figure 4.3 
illustrates a typical mean patch, in terms of size and shape, for both east and west slopes. 
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Figure 4.3 
Scale lm) Scale 1m) 
0 100 200 300 coo 500 
I - I 
0 100 200 300 ~00 500 
I - I 
(A) (B) 
Schematic of a typical mean (A) east slope patch (size: 61 ha, shape index: 
2.01); and (B) west slope patch (size: 22 ha, shape index: 1.82). 
4.2.3 Rate of disturbance 
The estimated annual rate of disturbance of the total forest land for age-classes 3-7 
ranged from a low of 0.028% in age-class 3 in the west, to a high of 0.363% in age-class 6 in 
the east. The fire cycles derived using these annual rates of disturbance ranged from 275-
1370 years on east slopes and 1563-3571 years on west slopes within the study area (Table 
4.3). 
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Rates of disturbance and estimated fire cycle for age-classes 3-7 in the eastern 
and western portions of the study area. 
East West 
Rate of Fire cycle Rate of Fire cycle 
disturbance (years) disturbance (years) 
(%/year) (%/year) 
0.073 1370 0.028 3571 
0.141 709 0.060 1667 
0 .300 333 0.029 3448 
0.363 275 0.038 2632 
0.193 518 0.064 1563 
0.214 641 0.044 2576 
When rates of disturbance and fire cycle were estimated for the SBSvk and 
ESSFwk2/wc3 over the entire study area, results indicated that the amount of forest land 
disturbed per year in each 20 year age-class for age-classes 3-7 ranged from a low of 0. 016% 
in age-class 3 in the SBSvk, to a high of0.188% in age-class 6 in the ESSFwk2/wc3 . The fire 
cycles derived from these annual rates of disturbance ranged from 1205-6250 years in the 









Rates of disturbance and estimated fire cycle for age-classes 3-7 in the study 
area by biogeoclimatic unit. 
SBSvk ESSFwk2/wc3 
Rate of Fire cycle Rate of Fire cycle 
disturbance (years) disturbance (years) 
(%/year) (%/year) 
0.016 6250 0.071 1429 
0.065 1539 0.128 781 
0.032 3125 0.185 541 
0.037 2702 0.188 532 
0.083 1205 0.146 685 
0.047 2964 0.144 794 
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4.3 Analysis of disturbance patches in a landscape context 
4.3.1 East/West slopes ANOVA 
A one-way ANOVA revealed a statistically significant difference between patch sizes 
on east and west slopes of the Rockies [F(1,3137)=204.55, p<O.OOl]. Using Kirk's (1996) 
criteria, the effect size for this statistical result was medium, given w2=0. 061 . On the basis of 
this statistical analysis, H0 (i .e., that patch sizes were equal on east and west slopes) was 
rejected. 
4.3.2 Patch size regressions 
4.3.2.1 East slopes 
Pearson correlations revealed small but significant correlations between most 
variables. One concern brought forward by this analysis was that the highest correlation was 
found between two independent variables: distance from height-of-land and elevation. 
Furthermore, distance from height-of-land was more highly correlated with the dependent 
variable patch size than was elevation. This suggested that both variables might be explaining 
the same phenomenon and that one might act to suppress the other in the regression analysis. 
This was understandable given that on eastern slopes of the Rocky Mountains elevations tend 
to decrease steadily as one moves further away from the height-of-land of the mountain range. 
Squared semi-partial correlations of an initial regression run suggested that distance and 
elevation were too highly correlated (p<O.OOl) and were weakening the analysis. Based on 
these investigations, elevation, which had the lower order of importance, was removed from 
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the set of independent variables. The final correlation matrix for log10 transformed dependent 
variable patch size and independent variables distance and slope is presented in Table 4.5. 
Table 4.5 Pearson correlation matrix for dependent variable, eastern patch size (log10 














- Correlation is significant at the 0.05 level (2-tailed). 
** -Correlation is significant at the 0.01 level (2-tailed). 




The linear regression analysis revealed that the data were explained by a statistically 
significant regression model [F(3 ,1330)=18.30, p<O.OOI]. The effect size ofthese results was 
small, / 2=0.042 (Cohen 1992). Given the significant result, but small effect size, H0 was 
cautiously rejected. Using squared semi-partial correlation values given in the statistical 
output it was revealed that distance from height-of-land (sr?=0.029) was the most important 
explanatory variable, followed by slope (sr?=0.008). 
The values given in the squared semi-partial correlations coupled with the Pearson 
correlations indicated that slope did not explain much variation beyond that explained by 
distance from height-of-land. However, to avoid subjective model fitting, removal of this 
variable was not done. 
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4.3.2.2 West slopes 
Using Pearson correlations, the west slope patch size analysis revealed generally 
higher correlation between all variables than was seen for eastern slopes. The highest 
correlation was found between slope and elevation. In fact, this correlation value (Table 4.6) 
was approaching Tabachnick and Fidell ' s (1996) threshold criteria of 0.7 for removal of one 
variable or the other from the regression analysis. However, when squared semi-partial 
correlations were examined for linear regression with all independent variables included, slope 
and elevation were contributing the most to the explanation of the dependent variable patch 
size. Because the inclusion of both variables was not weakening the analysis, the regression 
was done with all independent variables included. 
Table 4.6 Pearson correlation matrix for dependent variable western patch size (log10 
transformation applied) and independent variables (distance and slope). 
Patch size (DV) Elevation (IV) Distance (IV) Slope (IV) 
Patch size 1.0 
Elevation 0.159** 1.0 
(ef=small) 
Distance -0 .073** -0.292** 1.0 
(ef=small) (ef=medium) 
Slope 0.125** 0.622** -0.231 ** 1.0 
(ef=small) (ef=large) (ef=sm/med) 
* - Correlation is significant at the 0.05 level (2-tailed). 
** - Correlation is significant at the 0.01 level (2-tailed). 
ef - Effect size 
The linear regression analysis was significant [F(4,1800)=12.64, p<0.001]. The effect 
size ofthese results was large,/ 2=0.37 (Cohen 1992). Based on these results, H0 was rejected 
and HA was accepted. Using squared semi-partial correlation values given in the statistical 
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output, the order of importance of the independent variables in this result was elevation 
(sr?=0.009) > slope (sri2=0.0009) > distance from height-of-land (sri2=0.0006). While these 
squared semi-partial correlation values are small, Tabachnick and Fidell (1996) note that it is 
quite common to find a reasonable R 2 even when the sri2 of all independent variables is quite 
small. 
4.3.3 Patch shape regressions 
4.3.3.1 East slopes 
As in the eastern patch size analysis above, the highest correlations were between two 
independent variables: elevation and distance. While these variables were correlated with one 
another, neither was highly correlated with the dependent variable, and elevation had very 
little correlation with patch shape.. In fact, the only independent variable significantly 
correlated with patch shape was slope (Table 4.7). Squared semi-partial correlations derived 
from regression analyses conducted with all three independent variables indicated that, as in 
eastern patch size analysis, elevation was not contributing to the explanation of variance in the 
regression model. Based on this evidence, and as with eastern patch size analysis, elevation 
was removed from the analysis as an explanatory variable. 
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Table 4.7 Pearson correlation matrix for dependent variable eastern patch shape (inverse 
transformation applied) and independent variables (elevation, distance and 
slope). 
Patch shaee (DV) Elevation (IV) Distance (IV) Sloee (IV) 
Patch shape 1.0 
Elevation -0.011 1.0 
Distance -0.039 -0.361 ** 1.0 
(ef=medium) 
Slope 0.110** 0.1 03** 0.015 1.0 
(ef=small) (ef=small) 
** -Correlation is significant at the 0.01 level (2-tailed). 
ef - Effect size 
The linear regression analysis was significant [F(3 , 13 31 )=7. 51 , p<O. 001]. The effect 
s1ze of these results was small, f 2=0.02 (Cohen 1992). Based on these results, H0 was 
cautiously rejected and HA was accepted. Using squared semi-partial correlation values given 
in the statistical output it was shown that slope (sri2=0.013) was the most important 
explanatory variable, followed by distance from height-of-land (sri2=0.003) . The results 
indicated that slope explained much more variance than did distance from height-of-land. 
4.3.3.2 West slopes 
Pearson correlations for west slope patch shape and all independent variables are 
presented below in Table 4.8 . Generally, a higher degree of correlation was revealed between 
all variables than was seen in eastern slopes data. The highest correlation was found between 
slope and elevation. Elevation and distance were somewhat correlated, and elevation was 
significantly correlated with patch shape, but distance was not correlated with patch shape. 
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Table 4.8 Pearson correlation matrix for dependent variable western patch shape (inverse 
transformation applied) and independent variables (elevation, distance and 
slope). 
Patch shape (DV) Elevation (IV) Distance (IV) Slope (IV) 
Patch shape 1.0 
Elevation -0 .125** 1.0 
(ef=small) 
Distance 0.029 -0.292** 1.0 
(ef=medium) 
Slope -0.094** 0.622** -0.231 ** 1.0 
(ef=small) (ef=large) (ef=sm/med) 
** -Correlation is significant at tl1e 0.01 level (2-tailed). 
ef - Effect size 
An initial regression run, which included all independent variables listed above, 
indicated that the variable not correlated with patch shape (i .e., distance) did not contribute to 
explaining the variance in patch shape. A very low squared semi-partial correlation revealed 
that removal of distance from height-of-land would not impact R 2. Consequently, distance 
was removed and the linear regression was run again with only slope and elevation as 
independent variables. 
The linear regression analyses revealed that the data were explained by a statistically 
significant regression model [F(2,1802)=14.65, p<O.OOI]. The effect size ofthese results was 
small, / 2 =0.02 (Cohen 1992). Based on these results, Ho was cautiously rejected. Using 
squared semi-partial correlation values given in the statistical output it was revealed that 
elevation (sri2=0.007) was the most important explanatory variable, followed by slope 
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4.4 Lightning-caused fires 
To this point, the results presented have described only possible or suspected fires and 
fire locations. This section describes actual lightning-caused fires recorded by the B.C. Forest 
Service and the topographic variables associated with these recorded fires . 
A total of 1271 lightning-caused fires were recorded within the study area from 1950-
1992. These fires burned approximately 37,470 ha of the entire study area. There was a 
roughly equivalent number of fires in each biogeoclimatic unit, with 630 fires in the SBSvk 
and 641 in the ESSFwk2/wc3 . In terms of area burned, however, the distribution was not as 
similar, with 14,294 ha burned in the SBSvk and 23 ,175 ha burned in the ESSFwk2/wc3 
biogeoclimatic unit. Mean fire size for lightning-caused fires in the SBSvk and ESSFwk2/wc3 
units were 23 ha and 36 ha, respectively. The largest proportion of the fires were confined to 
the smallest size classes (Figure 4.4) , however, most of the area burned was attributed to a 



























Fire size (ha) 
Number of fires by fire size class for the SBSvk (n=630) and ESSFwk2/wc3 




















Fire size (ha) 
.SBSvk fires 
Percentage of total area burned by fire size class for the SBSvk (14,294 ha) 
and ESSFwk2/wc3 (23 , 175 ha) biogeoclimatic units within the study area for 
the years 1950-1992. 
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When the fire data were examined for each side of the Rockies, the number of fires 
recorded on west slopes was Ill 0, while 161 fires were recorded on east slopes. Despite the 
large differences in the number of fires, the area burned on each side of the height-of-land was 
much less discrepant, with 16,896 ha burned on west slopes and 20,573 ha burned on east 
slopes. Over the 42 year period, these extents ofburn translate into an approximate mean rate 
ofburn of0.13%/year for eastern slopes, and 0.04% per year for western slopes. As with the 
patch size data, the largest proportion of fires were found in the smallest size classes (Figure 
4. 6), while most of the area burned was accounted for by fires in the largest size classes 
(Figure 4.7). Mean fire size for lightning-caused fires on eastern slopes was 128 ha, while 
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Fire size (ha) 
Number of fires by fire size class for eastern (n=161) and western (n=lllO) 


















Fire size (ha) 
• West slope fi"es 
Percentage of total area burned by fire size class for eastern (20,573 ha) and 
western (16,896 ha) slopes for the years 1950-1992. 
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4.4.1 Comparison of topography associated with age-class 3-7 patches and fire 
locations 
4.4.1.1 East slopes 
Graphical comparisons of the distribution of the topographical characteristics 
associated with east slope fires versus those associated with disturbance patches revealed 
some similarities in distribution, despite a large discrepancy in magnitude between the 
distributions. In particular, the distributions of elevation and distance from height of land 
followed some similar trends. The frequency of fires and patches both peaked around 115 0-
1200 m and dropped off sharply after 1500 min elevation (Figure 4.8). However, it should be 
noted that there was a larger range in elevations in the fire data than in the patch data. 
With respect to the frequency distribution of distance from height-of-land, both 
distributions were similarly positively skewed with maximum frequencies of occurrence 
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Distribution of elevations of (A) known fire locations (n=161) and (B) age-
class 3-7 patches (n=1338) in the eastern portion ofthe study area. 
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Distribution of distance from height-of-land of (A) known fire locations 
(n=161) and (B) age-class 3-7 patches (n=l338) in the eastern portion ofthe 
study area. 
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Distributions of slope (Figure 4.10) and aspect (Figure 4.11) for patches and fires did 
not reveal as many similarities as elevation and distance. This could simply have been due to 
true differences in slope and aspect between fires and patches, but was also just as likely to be 
a result of discrepant samples sizes and differing DEM cell resolutions. With the resampling 
of the 50 m DEM to a 1000 m grid size, loss of finer scale topographic data, such as aspect 
and slope, was inevitable and limited the range in slopes for fires as compared with age-class 
patches. The distribution of east slope patches revealed much higher frequencies of 
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Figure 4.10 Distribution of slope of(A) known fire locations (n=l61) and (B) age-class 3-7 
patches (n=1338) in the eastern portion ofthe study area. 
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Figure 4.11 
(A) (B) 
Distribution of aspect of (A) known fire locations (n=161) and (B) age-class 3-
7 patches (n=1338) in the eastern portion ofthe study area. 
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4.4.1.2 West slopes 
In the western slopes data comparison there were more obvious similarities in the 
distributions of the topographic variables than was seen with the eastern slopes. The sample 
size of fires (n= Ill 0) and patches (n= 1805) were much closer together, and the increase in 
sample size (relative to the number of east slope fires) contributed to smoother trends in the 
fire data. 
Distributions of west slope fire and patch elevations indicated similarly positively 
skewed distributions in both cases (Figure 4.12). The peak in frequency of both fires and 
patches occurred around 750-800 m and mean elevations for the two distributions were fairly 
close together at 1036 m for fires and 1080 m for age-class patches. Both distributions had 
similar ranges in elevations. 
While the distribution of distance from height-of-land for fires and patches indicated 
differences in the locations of maximum frequencies of occurrence, both distributions showed 
a sharp decrease in frequencies 70-80 km from the height-of-land (Figure 4.13). Maximum 
frequencies of fire locations were found 4-6 km from the height-of-land, the greatest number 
of patches were located 0-3 km from the continental divide. Some possible explanations for 
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Figure 4.12 Distribution of elevation of (A) known fire locations (n=lllO) and (B) age-
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Std. Dev.: 25,443 
Figure 4.13 Distribution of distance from height-of-land of (A) known fire locations 
(n=lllO) and (B) age-class 3-7 patches (n=1809) in the western portion ofthe 
study area. 
84 
Trends in slopes for fires and patches were mirrored more closely in the western 
portion ofthe study area than they were in the eastern portion. Both distributions were quite 
positively skewed, with maximum frequencies occurring around 5% slope (Figure 4.14). As 
in the eastern slopes data, smaller sample sizes and resampling of fire location . topographic 
information to a coarse resolution likely has played a role in limiting the range in slopes for 
fires as compared with age-class patches. 
As with the eastern slopes data, the greatest discrepancies between the shapes of the 
distributions was seen in aspect. Fire data exhibited a somewhat bi-modal distribution with 
strong peaks at north-east and south facing aspects, while the patch data was distributed in a 
roughly normal pattern (Figure 4.15). Discrepancies between DEM cell resolutions likely 
were playing an important role in these differences. It should be noted that both distributions 
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Figure 4.14 Distribution of slopes of (A) known fire locations (n=1110) and (B) age-class 
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Figure 4.15 Distribution of aspects of (A) known fire locations (n=111 0) and (B) age-class 
3-7 patches (n=1809) in the western portion ofthe study area. 
While all of the results presented above in Chapter 4 may be of interest individually, 
the consideration of each result in light of other study results is apt to produce the most useful 
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perspective on the questions posed in the course of this research. The significance and 
implications ofthe results presented above are discussed in Chapter 5. 
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5.1 Age-class patch characteristics 
5.1.1 Patch size 
CHAPTERV 
DISCUSSION 
The patch size characteristics revealed in this study showed trends similar to those 
presented in recent studies in B. C. sub-boreal spruce forests. As with these other studies 
(Andison 1996; DeLong and Tanner 1996), the patch size class distributions indicated that 
most patches were found in the smaller size classes, while the largest proportions of the area 
disturbed were accounted for by a few large patches. However, this study revealed that the 
size of disturbance patches in the SBSvk and ESSFwk2/wc3 was generally smaller than was 
found in the SBSmk:l (Andison 1996; DeLong and Tanner 1996), and on the east slopes of 
the Rockies in Banff National Park (Rogeau 1996). In addition, in this study, the examination 
of disturbance patches on both sides of the Rocky Mountains highlighted the importance of 
climate in determining disturbance patch sizes in similar forest ecosystems. 
West slopes analysis of the SBSvk and ESSFwk2/wc3 revealed that very small patches 
(<10 ha in size) accounted for approximately 11% of the area in seral patches, and comprised 
over 60% ofthe total number of patches. The largest patch on western slopes was 1223 ha in 
size. In contrast, in the lower elevation SBSmkl , also located on the western side of the 
Rockies, Andison (1996) found patches of over 10,000 ha in size. In the same biogeoclimatic 
unit, Delong and Tanner (1996) found that only 4% of the total disturbance area could be 
attributed to wildfires less than 10 ha in size. 
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East slopes analysis of the ESSFwk2/wc3 revealed larger patch sizes than on western 
slopes, however, 80% of patches were still less than 50 ha in size. Rogeau (1996) reported 
that more fires in BanffNational Park (also located on the eastern slopes of the Rockies) were 
found in the 500-2000 ha size class than in the 200-500 ha size class. In contrast, patches 
greater than 500 ha in size in north-eastern B.C. comprised less than 2% ofthe total number 
of east slope patches. 
In the provincial Biodiversity Guidebook (BC Environment 1995), the ESSFwk2/wc3 
is listed as a Natural Disturbance Type 1 (NDT1) forest, which means that it has been 
classified as being characterized by rare stand-initiating events. The SBSvk has been classified 
as a Natural Disturbance Type 2 (NDT2) forest, indicating that it has been classified as being 
characterized by infrequent stand-initiating events. Guidelines contained in the Biodiversity 
Guidebook recommend that patches in both disturbance types be distributed in a range of 
small to medium-sized patches across the landscape. The same patch size distribution is 
recommended for both NDT1 and NDT2. As was shown in Table 4.2, the province 
recommends that 30-40% of patches (i.e., harvest units, aggregations of harvest units, and 
leave areas) within a landscape unit be in patches <40 ha in size, 3 0-40% of the patches be 40-
79 ha in size, and 20-40% of the patches be 80-249 ha in size (BC Environment 1995). An 
upper limit of 250 ha is placed upon the recommended patch sizes, yet when the SBSvk and 
ESSFwk2/wc3 biogeoclimatic units were considered, 56% ofthe area of age-class 3-7 patches 
on eastern slopes, and 27% of the area of age-class 3-7 patches on western slopes were 
greater than 250 ha in size. 
These figures indicate that the patch size targets outlined in the Biodiversity 
Guidebook are more closely approximating the patch size distribution on western slopes. The 
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Guidebook targets do not well approximate the sera) patch size distribution for the eastern 
slopes within the study area. In both cases, the Guidebook does not account for patches 
greater than 250 ha in size, even though 56% and 27% of the area in age-class 3-7 patches on 
eastern and western slopes, respectively, is comprised of patches in this size class. Perhaps 
the most notable difference between the recommended and actual distribution of patch sizes is 
that the patches of 40-79 ha in size were the least prevalent size class on both eastern and 
western slopes of the study area. The reasons for this discrepancy were not evident, but it 
may be related to fire weather and the large amount of precipitation received in these 
biogeoclimatic units. High levels of lightning activity generally are associated with 
precipitation, resulting in small, low intensity fires. When the weather is uncharacteristically 
hot and dry, appropriate conditions are provided for fire spread, resulting in larger openings. 
The combination of these two scenarios would leave a dearth of medium-sized openings. 
Alternatively, the bi-modal distribution in patch sizes could indicate that different natural 
disturbances are creating openings of different sizes. 
The discrepancy between the observed and recommended proportions of 40-79 ha 
patches is notable because under the Forest Practices Code the current upper size limit of 
harvest blocks in the B.C. interior is 60 ha. Very often, cut blocks are laid out using a 60 ha 
block size, and then the blocks are clearcut. The patch size analysis in this study clearly shows 
that 60 ha harvest units are unlikely to approximate the extent of natural openings. 
It is important to point out that this patch size analysis does not support an increase in 
the size of clearcuts. Although the sera! patches within the study area show a much higher 
proportion of large patches than are recommended in the Biodiversity Guidebook (BC 
Environment 1995), it is unlikely that simply increasing cutblock sizes will approximate the 
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pattern of fire and other natural disturbances. Approximating natural disturbances also means 
approximating temporal scales, as well as the spatial scales and severity of these processes. 
As described below in section 5.1.3, the historical rate of disturbance would serve to limit the 
frequency with which large openings could be created. Management for short (100 year) 
rotations means that dispersed clearcutting may already have resulted in the over-
representation of larger openings and sera! forest within the study area. 
The prevalence of age-class 8 forest throughout the study area indicates that other 
natural disturbances (such as insects, diseases, and windthrow) may be playing a role that is as 
equally important as fire in this landscape. Given that we know that a forest is not static, the 
lack of sera! age-classes suggests that natural disturbances acting on much smaller scales are 
continually shaping the composition of the forest. The importance of insects and diseases in 
the renewal of these wet fir-spruce dominated forests has been highlighted in the literature 
(Safranyik et al. 1983 ~ Lindgren and Lewis 1996~ Lewis and Lindgren 1999). Sustaining the 
matrix of mature forest within the study area is also important for maintaining old-growth 
attributes that are integral to these cold and wet forests . The historical expanse of mature 
forest ensured that large areas of interior forest, which provided large amounts of arboreal 
lichens, a dietary staple of mountain caribou (Esseen and Renhorn 1998), were maintained. 
The matrix of old-growth forest also provided a seed source and served to moderate climate 
in these climate limited systems, where regeneration in clearcuts has been problematic (Utzig 
and Herring 1975 ~ Eastham and Jull 1999). In a recent study looking at the factors 
influencing succession following fire in the SBSvk and ESSF forests in the southwestern 
portion of the study area, DeLong et al. (1998) showed that even following fire, stands in 
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these wet, montane forests regenerate slowly with canopy characteristics more typical of 
mature forests . 
The results of the patch size analysis provided some degree of confidence for the age-
class 3-7 forests as they exist in the SBSvk and ESSFwk2/wc3 landscape. However, this 
analysis was by no means complete, as it was not possible to ascertain patch size data for the 
matrix of old-growth (age-class 8) forest. British Columbia forest inventory data do not 
record 20-year age-classes for stands greater than 140 years of age. Therefore, the patch size 
results presented in this study must be interpreted cautiously, as they should not be 
extrapolated to patch characteristics within the old-growth matrix. Another problem with the 
interpretation of the patch characteristics, one that also arose when evaluating the fire cycle, 
was the temporal variability in patch sizes within the study area. This study could only 
evaluate the present distribution of sera! patches, for there exists no detailed data regarding 
changes in patch sizes over time in the past. Thus, this study represents one 'snapshot' and 
cannot report the possible variability in the patch size distribution over long time periods in 
the SBSvk and ESSwk2/wc3 biogeoclimatic units. 
5.1.2 Patch shape 
The result that patch shape indices were higher for east slopes patches was not 
unexpected given the difference in patch size between eastern and western slopes. Larger 
patches tend toward more intricate shapes and subsequently higher perimeter to area ratios 
(Eberhart and Woodard 1987). As eastern slopes were characterized by a larger mean patch 
size, a · higher mean shape index was likely. While the difference between the shape indices 
was significant for eastern and western slopes, the effect size of this test was small. This small 
• 
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effect likely was detected due to the large sample size. The t-test still was considered 
significant as the ranges of shape indices did not vary greatly. Most of the patch shape indices 
were between 1. 0 and 4. 0. 
There are no specific recommendations made in the Biodiversity Guidebook (BC 
Environment 1995) as to the complexity of logging unit shape in logged areas. In the 
Guidebook, connectivity of areas of mature forest and interior forest area are stressed in terms 
of their importance for the movement of animal species that do not use disturbed areas. In the 
SBSmk1 , it was found that the current harvest pattern of regularly dispersed clearcuts of <80 
ha in size results in the simplification of landscape spatial structure and less interior forest area 
than is created by wildfires (DeLong and Tanner 1996). In their paper, DeLong and Tanner 
(1996) recommend a management scenario that involves intricately-shaped, larger harvest 
units coupled with extensive unlogged areas, or remnants, as a suitable approach for managing 
those communities that require extensive areas of interior forest. The remnant areas within 
the boundaries of wildfires add to the complexity of the fire shape and appear to be important 
sources for coarse woody debris inputs, wildlife values (such as large snags for cavity nesters 
and browse for ungulates), and seed source in large openings (DeLong 1997). 
In the SBSvk and ESSFwk2/wc3 , patch size results suggested that both smaller and 
larger operungs occur. However, when combined with estimates of historical rates of 
disturbance, the results indicated that the frequency of these opemngs, particularly larger 
openings, should be low. It will be important that any large openings created by logging 
assume a degree of shape complexity appropriate to the size of the opening and incorporate 
appropriate areas of remnant stands. Since the area of mature forest in these biogeoclimatic 
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units is historically so high, any attempt to approximate natural disturbances will require a plan 
that incorporates very large areas of intact old-growth forest. 
Based on this 100 year snapshot, it appears as though the study area, in particular the 
south-eastern portion in the vicinity of the McGregor Plateau, may have been very limited in 
forest edge area. Care should be taken not to implement a logging pattern that results in 
excessive fragmentation of the forest, nor to implement a plan that results in too little forest 
edge area relative to historical disturbance patterns. An under-representation of forest edge 
area could be created if only harvest opening size, and not shape, is taken into consideration. 
It is important to note, however, that this scenario does not present a problem at this time. 
The extensive use of clearcutting is ensuring that there is plenty of forest edge habitat within 
the study area. In fact, forest fragmentation is far more of a concern with the current pace of 
logging activities. 
This study has used a relatively coarse scale approach to examine patch shape. Future 
studies which expand upon the differences highlighted between eastern ana western slopes, 
and which account for finer scale forest remnants within openings created by natural 
disturbance, would be more useful in developing specific guidelines for logging patterns. 
5.1.3 Rate of disturbance 
The rates of disturbance estimated in this study indicated that current estimates of fire 
cycle by biogeoclimatic zone (Parrninter 1992) may be underestimating the period of time 
required for fire to cycle through these wet and mountainous areas. The maximum mean fire 
return interval previously estimated for the SBS biogeoclimatic zone is 150-250 years, and for 
the ESSF biogeoclimatic zone is 3 50-500 years (Parminter 1992). This study indicated that 
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the mean fire cycle for both the SBSvk and the ESSFwk2/wc3 was much longer than current 
estimates of the zonal mean return intervals. 
The Biodiversity Guidebook (BC Environment 1995) uses estimates similar to those of 
Parminter (1992) to classify biogeoclimatic units into natural disturbance types. In the 
Guidebook, the ESSFwk2/wc3 is placed within NDT1 , which is defined as ecosystems with 
rare stand-initiating events. In the case of the ESSF, a mean disturbance return interval of350 
years is used to define an event as rare. The results of this study indicated that in the 
ESSFwk2/wc3, the cycle of stand-replacing events ranged 540-1430 years, confirming that 
the ESSFwk2/wc3 does indeed deserve to be classified as an NDT1 system. 
In the Guidebook, the SBSvk unit is classified as an NDT2 area, which is defined as an 
ecosystem influenced by infrequent stand-initiating events. In the Guidebook, a mean return 
interval of 200 years is used to define a disturbance as infrequent. The results of this study 
indicated that the cycle of stand-initiating events was much longer than 200 years, and for the 
SBSvk the cycle may range 1200-6250 years. These results indicate that the SBSvk 
biogeoclimatic unit should be re-classified from an NDT2 to an NDT1 ecosystem. In 
addition, the Guidebook should be revised to give recommendations that are more appropriate 
to those forests where stand-initiating disturbances are not the primary agents of renewal. 
For example, while the Guidebook acknowledges that NDT1 forest ecosystems were 
largely renewed through the deaths of individual trees or small patches of trees, and that 
"historically, these forests existed as contiguous tracts of old seral stage forest" (BC 
Environment 1995, p. 19), the patch size and seral stage recommendations contradict the 
stated objectives that the forest should be managed to approximate natural disturbances. In 
particular, the stated objectives for NDTI systems, which recommend a desired future 
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condition of approximately even spatial distribution of <40, 40-80, and 80-250 ha patch sizes 
does not appear to consider historical landscape spatial pattern of ecosystems with rare stand-
initiating events. 
The results of this study suggest that consideration should be given to revising natural 
disturbance type classifications within the province in order to account for forests dominated 
by small-scale renewal processes (i .e., diseases, insects, wind) and extremely rare stand-
initiating events. Currently, mean return intervals longer than 200 years are all that is needed 
for biogeoclimatic units to be classified as an NDT1 system. Presently, mean return intervals 
longer than 500 years are not listed for any NDT1 biogeoclimatic unit. 
Other fire history studies in high elevation ecosystems within the Rocky Mountains 
have found much higher fire frequencies. In Kananaskis Provincial Park, located in south-
western Alberta, Hawkes (1980) found mean fire return intervals ranging from 101 years on 
lower subalpine slopes to 304 years on upper subalpine slopes. In Jasper National Park, also 
located in western Alberta, Tande (1979) reported mean fire return intervals of 33-131 years 
in subalpine forests . Johnson and Wowchuk (1993) draw upon several studies within the 
southern Rocky Mountains and Columbia Mountains to list fire cycles which range from 50-
150 years. In contrast, when the fire cycle was calculated for eastern and western slopes in 
the SBSvk and ESSFwk2/wc3 study area, the estimated fire cycles ranged 275-1370 years for 
eastern slopes, and 1560-3570 years for western slopes. The closest approximation found in 
the literature to this fire cycle for Rocky Mountain subalpine forests was a mean fire return 
interval of 520 years in north-western Colorado (Veblen et al. 1994). 
In the SBSvk and ESSFwk2/wc3 study area, the estimated mean fire cycle for western 
slopes was more than four times longer than for eastern slopes. If these results were used as a 
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model for designing logging openings, then this would mean that on the 3 81,500 ha of forest 
land on eastern slopes within the study area, approximately 280-1380 ha could be logged 
annually leaving both smaller and larger canopy openings. Of the 913,460 ha of forest land 
located on western slopes, only 260-580 ha of canopy openings could be created annually by 
logging. 
These rates of disturbance for stand-initiating events support logging and silvicultural 
systems that emphasize the maintenance of stand structure and multi-aged species 
composition. Since these rates of disturbance indicate that extremely long periods of time are 
required for fires, or other stand-initiating disturbances, to cycle through the SBSvk and 
ESSFwk2/wc3 forests, other small-scale natural disturbances (e.g., insects, diseases, 
windthrow) must be playing an important role in shaping the forest mosaic. As the results 
presented above indicate that large openings could be created very infrequently, selective 
logging patterns that mimic individual tree death, or small pockets of tree mortality, would 
seem the most appropriate method for approximating natural disturbances in these 
biogeoclimatic units. The use of partial cutting systems may be necessary in order to maintain 
many of the non-timber values in the SBSvk and ESSwk2/wc3 (DeLong et al. 1998) 





While regression analysis revealed that the variation in patch size was explained by the 
topographic variables, there was a difference between the strength of the trends for eastern 
and western slopes. Despite a highly significant statistical result, east slopes effect size 
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analysis revealed a small statistical effect, indicating that the relationship between patch size 
and the independent variables (distance from height-of-land and slope) was weak. As a result, 
the rejection of the null hypothesis was cautious. Distance from height-of-land explained most 
ofthe variation in patch size, with slope explaining only a minor amount of the variation. The 
relationship between distance from height-of-land and patch size was positive, meaning that 
patch size generally increased with increasing distance from the highest elevations. This 
result, despite the weakness of the trend, is supported by other studies of fire regimes in 
subalpine forests of the eastern slopes of the Rocky Mountains in Alberta. Rogeau and 
Pengelly (1999) indicate increased fire frequency with increasing distance from the 
Continental Divide, as well as a higher risk of burning at lower elevations. In their studies 
within Alberta's mountain parks, Tande (1979) and Hawkes (1980) both report increased 
mean fire return intervals in montane areas when compared with subalpine forests. 
There are several possible causes for the lack of a clear trend in the relationship of 
patch size and topography for eastern slopes. The most important of these is the variability in 
patch sizes, and in particular the influence of the largest patches on the distribution. While 
most patches were small, on eastern slopes the largest patches were discrepant from the rest 
of the sample population. These patches translated into a large amount of variance in the 
dependent variable patch size. 
The reasons for the minor explanatory power of slope in the patch size regression 
analysis ar.e uncertain. The Pearson correlation for patch size and slope indicated a significant, 
but very weak, relationship between these variables. The Pearson correlation results indicated 
that patch size varied inversely with slope, such that steeper slopes were more likely 
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associated with smaller patches. However, the effect size given and the very low shared 
variance indicated that generally patch size was not well correlated with slope. 
One possible explanation for these results is that large patches inhibited the ability of 
finding a meaningful mean slope because of their large area and the high resolution of the 
topographic data. Large patches likely contained many changes in slope within a single patch, 
such that the slope values were averaged to the point where the resulting mean masked the 
variability of the true topographic association. 
Another possible reason for the marginal explanation of patch size variance by the 
topographic variables could be the presence of confounding variables. For instance, localized 
variables may play an important role. Valley orientation could be important in influencing the 
direction of fire spread due to differing prevailing wind directions, while some valleys may 
simply be more prone to high winds. These factors would be important in determining the 
extent and shape of a disturbance patch created by fire. In a study of the prediction of fire 
cycle in mountainous ecosystems in BanffNational Park, Rogeau (1996) found very different 
fire regimes in different drainage basins within the Park. In her study, it was concluded that 
differing patterns of human use and the influence of topographic factors limited the usefulness 
of fire cycles extrapolated over large areas. 
The uncertainty surrounding the natural disturbances initiating the age-class patches 
examined in this study is another important consideration. As explained previously, it was not 
possible to examine the age-class 3-7 patches within the 1.3 million hectare study area in order 
to determine their initiating causes. It is plausible that the weak relationships noted between 
patch size and the topographic variables are the result of the influence of different disturbance 
mechanisms. For example, the influence of extreme winds within the study area is unknown at 
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this time. It may be that some valleys are more susceptible to windthrow than others, and the 
age-class patches left by wind events could resemble and be interpreted as fire-initiated 
patches, or vice versa. 
5.2.1.2 Patch shape 
As in the patch size results discussed above, patch shape analysis revealed that 
topographic variables explained a significant amount of the variation in patch shape for eastern 
slopes. As with patch size, acceptance of this statistical result was cautious, as the effect size 
for the regression analysis was small. However, unlike patch size, the topographic variable 
which was most important in explaining the variation in patch shape was slope. Slope was 
also the only topographic variable significantly correlated with patch shape. Pearson 
correlations revealed patch shape to be somewhat positively correlated with slope, such that 
more complex patch shapes were more likely to be associated with increasing slopes. 
This result could be consistent for several natural disturbances, as steep slopes are 
more likely to be associated with complex terrain and discontinuous vegetation. Rocky 
outcroppings and sparse coniferous vegetation, or a preponderance of deciduous, shrubby 
vegetation, as are seen on avalanche slopes, could influence the spread of fire and insects 
(Veblen et al. 1994). The discontinuous nature of fuels on steep slopes could result in more 
complex fire boundaries, while widely-spaced trees could influence the spread of insect 
outbreaks. In addition, the interaction of wind and slope also can create complex fire 
patterns. 
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As discussed in the previous section, the east slopes patch size regression indicated 
that patch size tended to increase away from the height-of-land. As explained previously, 
larger patches tend toward more intricate shapes (Eberhart and Woodard 1987; DeLong and 
Tanner 1996). Given that slopes increase toward the height-of-land, it was surprising that 
slope was the best predictor of patch shape, and that this relationship should be positive, 
rather than negative. However, it is important to note once again that this relationship was 
weak. Further study is needed to clarify the relationship between patch shape and topography 
in these forest ecosystems. 
5.2.2 West slopes 
5.2.2.1 Patch size 
Regression analysis revealed much stronger relationships between patch size and 
topographic variables for western slopes than was seen for eastern slopes. Topographic 
variables explained a significant amount of variation in patch size, and the effect size for the 
relationship was large, such that the null hypothesis was rejected with reasonable confidence. 
Not only was there a stronger relationship between patch size and topographic variables on 
western slopes, but the order of explanatory importance of the independent variables was 
much different than was seen on eastern slopes. Elevation and slope explained the variance in 
patch size for western slopes age-class patches. Pearson correlations determined that the 
relationship between patch size and both of these independent variables was positive, such that 
patch size tended to increase along with elevation and slope. 
Another difference between eastern and western patch size regression results was that 
elevation and distance from height-of-land did not seem to be explaining the same 
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phenomenon on western slopes. These two independent variables were positively correlated, 
however, not to the same extent as on eastern slopes. This may be due to the greater 
variability in terrain features to the west of the highest elevations ofthe Rockies. To the west 
of the continental divide lie several smaller mountain ranges and the Rocky Mountain Trench, 
which divides the southern portion of the McGregor Range from the northern extent of the 
Cariboo Mountains. Due to the peaks and valleys, increasing distance away from the height-
of-land does not necessarily correspond smoothly to decreasing elevation. 
The finding that western slopes patch sizes tended to increase with increasing slope 
gradient was unexpected. Unlike eastern slopes analysis, which suggested that steeper slopes 
were associated with smaller patch sizes, it appears as though fire weather or lightning 
occurrence were playing a greater role on western slopes. It would seem more likely that 
higher elevations in the ESSF-which receive large amounts of precipitation, are characterized 
by a persistent snowpack, and feature more discontinuous forests-would be associated with 
smaller patches, rather than larger ones. 
As the prevailing westerly winds tend to blow perpendicular to western slopes, wind 
may play a role by pushing fires started downslope into higher elevations during periods of 
severe fire weather. In a study of a subalpine forest in Wyoming, Rom me and Knight ( 1981) 
found that fire was less frequent in drainage bottoms than on surrounding slopes and 
ridgetops. They surmised that the tendency of fires to burn uphill and the reduced probability 
of lightning strikes in low-lying areas may be important factors in limiting fire occurrence. 
Certainly, higher moisture levels and cold air drainage act to limit fire ignition and spread, and 
are characteristics of the steeply dissected terrain in the west slope SBSvk and ESSFwk2/wc3 
landscape. 
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Increasing patch sizes with increasing elevation could also suggest that windthrow 
played a role in producing these age-class patches, since higher wind speeds tend to occur at 
higher elevations (Stathers et al. 1994). As indicated previously, it must be emphasized that 
the origins of the age-class patches are unknown. This analysis has simply highlighted the 
topographic trends associated with age-class patch size. Intensive field sampling is needed 
before seral patches can be attributed with certainty to any one type of natural disturbance. 
5.2.2.2 Patch shape 
As with patch size, the variation in patch shape for western slopes was explained by 
the topographic variables elevation and slope. However, while the linear regression result was 
statistically significant, the effect size was small, indicating a weak relationship. Pearson 
correlations indicated that patch shape was negatively correlated with both elevation and 
slope, such that less complex patch shapes would be associated with increasing elevation and 
slope. This result was opposite to that found for patch shapes on eastern slopes, where more 
complex patch shapes were associated with steeper slopes. Negative correlations between 
patch shape and elevation and slope also were unexpected given the patch size results for 
western slopes. As indicated in the previous section, patch size was positively correlated with 
elevation and slope, and larger patches tend toward more intricate shapes. 
The patch shape results for western slopes may tend to support windthrow as an 
initiating factor, since windthrow resulting from wind gusts tends to result in simple oval or 
oblong areas of downed trees (Stathers et al. 1994). Fire patches associated with high winds 
would be more likely to be complex shapes as frontal or convective winds tend to push fire 
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fronts forward along irregularly shaped lobes. However, the strength of the relationship for 
patch shape and topographic variables on west slopes was weak. More detailed study is 
required to ascertain the true nature of the relationships discussed above (see section 6.2). 
Overall, topographical analysis of age-class 3-7 patches did not strongly support the 
predictions that variations in topography are accompanied by differences in fire size and 
shape. Relating age-class patch characteristics to topographical variables has revealed 
statistically significant, but generally weak relationships between patch size and shape and 
elevation, slope, and distance to height-of-land. The exception to these results was patch size 
for western slopes, which showed a relatively strong positive relationship with elevation and 
slope. 
5.3 Age-class patches and lightning-caused fires 
Comparison of lightning-caused fires for the period of 1950-1992 and age-class 3-7 
patches revealed some similar trends, but there were also some important differences between 
the fire size arid age-class patch size results. Similar to age-class 3-7 patches, most fires for 
both eastern and western slopes were found to be quite small. Also corresponding to the 
trends for age-class patches on eastern slopes, most of the area burned by lightning-caused 
fires on eastern slopes was attributed to fires in the larger size classes. In contrast, while more 
than 50% of the area in disturbance patches on western slopes was accounted for by patches 
smaller than 100 ha, the distribution of fires by fire size indicated that more 90% of the area 
burned was attributed to fires > 100 ha in size. 
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Another difference between lightning-caused fires and age-class 3-7 patches was that 
there was a much larger percentage of extremely small fires ( 0. 1-0.9 ha) on both eastern and 
western slopes than was seen in the patch size class distributions. The age-class patch 
distributions showed maximum frequencies in the 1-9 ha patch size class. Also, while the 
patch size data revealed one east slopes patch greater than 10,000 ha in size, the fire size 
distribution for eastern slopes indicated that the largest fires since 1950 have been less than 
10,000 ha in size. These observations suggest that fire suppression may be playing a role in 
limiting fire size in the period of 1950-1992. 
Mean patch size for western slopes (22 ha) was closely approximated by mean fire size 
for west slopes (15 ha). A much greater discrepancy was seen for eastern slopes, where mean 
patch size was 61 ha, and mean fire size was 128 ha. This result seems unexpected given that 
several studies have recognized the role of fire suppression in limiting the extent of fire in 
western forests (Agee 1994; Taylor and Sherman 1996; Taylor et al. 1998). Despite larger 
mean fire size on eastern slopes, an initial calculation of the rate of burn for east slopes 
(0.13%) for the period of 1950-1992 indicated that the mean annual rate of burn is in fact 
lower than the mean rate of disturbance estimated through age-class 3-7 patches ( 0. 21%). 
Western slopes showed a mean rate ofburn (0.04%) for 1950-1992 that is nearly identical to 
the mean rate of disturbance estimated by age-class patches (0.044%). 
In general, these results indicated that on eastern slopes mean fire size is generally 
larger than mean patch size, but that there are fewer fires than age-class 3-7 patches. There 
are three possible explanations for this result. The first is that fire suppression has limited the 
extent of fires and that only those fires which cannot be suppressed are contributing to larger 
fire sizes. A second possibility is that separate age-class patches actually represent a single 
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fire event, where fire skips and terrain features have resulted in a number of non-contiguous 
polygons. A third possibility is that overburning of past fires or other disturbances on eastern 
slopes is creating smaller age-class patches. As seen in the map of age-class 3-7 patches 
(Appendix 1), it appears as though overburning may be playing a role in limiting age-class 
patch size by severing large, contiguous patches on north-eastern slopes. This has been a 
factor in previous studies in the SBSmk1 biogeoclimatic unit where fires are larger and more 
frequent (DeLong and Tanner 1996; Andison 1996). 
5.3.1 Comparison of topography associated with age-class 3-7 patches and fire 
locations 
Distributions offire locations for east and west slopes and their associated topographic 
variables provided some support for fire as an initiating factor in the age-class 3-7 patches. 
However, questions were also raised by some of the discrepancies between the locations of 
fires and age-class 3-7 patches. 
On east slopes, distance from height-of-land exhibited the greatest similarity between 
frequency of occurrence for sera! patches and fires. It should be noted that distance from 
height-of-land was also the most important explanatory variable for patch size regression on 
eastern slopes. On western slopes, the strongest similarity between the various frequency 
distributions was found for elevation, where fire and patch locations exhibited similar ranges, 
means, and maximum frequencies of occurrence. 
On western slopes, in the distributions of distance from height-of-land of both fires and 
age-class patches there was a sharp decrease in frequencies due to a gap (caused by the Fraser 
River and the Rocky Mountain Trench) in the extent of!he biogeoclimatic units. In the case 
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of the age-class patches, this decrease was augmented by the removal of several mapsheets 
along the Fraser River corridor due to past selective logging activities. There was also a 
discrepancy between the locations of the maximum frequencies of occurrence of fires and 
patches. While most fires were located 4-6 km from the highest points of land, most of the 
patches were found 0-3 km from the height-of-land. Possible explanations for this 
discrepancy could be related to the factor( s) that initiated the age-class 3-7 patches or to fire 
detection capabilities. As mentioned previously, there is a possibility that some of the age-
class patches were not caused by fire and that the differences in the locations of fires and 
patches may be indicative of different natural disturbances. Another possibility is that the 
maximum frequencies of fire locations at a greater distance from the height-of-land could be 
related to the increased likelihood of fire detection as one moves farther away from the most 
rugged mountainous terrain. Throughout most of the period of 1950-1992, prior to the 
widespread use of aerial surveillance for fire detection, small fires located closer to roads and 
areas of human activity would have been more likely to have been detected and recorded. 
In terms of slope aspect, there was little similarity between the distributions of fires 
and age-class 3-7 patches on eastern slopes. While patches demonstrated much higher 
frequencies on warmer aspects, fires did not. On western slopes, maximum frequencies of fire 
occurrence were found on south-facing slopes, but there was also a large number of fires 
located on north-east facing slopes. The most plausible explanation for the lack of a clear 
trend toward maximum fire frequencies on warmer aspects is the low resolution of the fire 
location data. 
The higher frequency of patches on warm aspects on both eastern and western slopes 
provided the strongest evidence that age-class patches may have been initiated by fire, since 
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fire is the natural disturbance agent that is most strongly associated with the higher 
temperatures and lower fuel moisture contents found on warmer aspects . The association of 
increased fire frequencies with warmer aspects in both sub-boreal and subalpine forests has 
been widely reported (Hawkes 1980; Romme and Knight 1981; Andison 1996; Francis 1996; 
Rogeau and Pengelly 1999). 
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CHAPTER VI 
CONCLUSIONS AND RECOMMENDATIONS 
6.1 Conclusions 
This investigation of natural disturbance patches, and their relationship to topography, 
in the mountains of north-eastern B.C. has provided a snapshot of the historical characteristics 
of natural disturbance effects in the forest ecosystems of the SBSvk and ESSFwk2/wc3 
biogeoclimatic zones. The following conclusions have been drawn from this study: 
1. Mean patch sizes were larger on the eastern slopes of the Rocky Mountains than they 
were on western slopes. Overall, patch sizes were found to be smaller than those reported 
in studies conducted in adjacent forests on the western side of the Continental Divide 
(DeLong and Tanner 1996; Andison 1996), as well as in a study of fire in a subalpine east 
slopes forest (Rogeau 1996). 
2. Patch size recommendations in the B.C. Forest Practices Code Biodiversity Guidebook 
(BC Environment 1995) currently underestimate the contribution of patches greater than 
250 ha in size to the percentage of the total area of disturbance within SBSvk and 
ESSFwk2/wc3 forests on both eastern and western slopes. The historical patch size 
distributions indicated that provincial patch size recommendations should be revised, 
particularly for east slopes ESSFwk2/wc3 forest ecosystems. 
3. Eastern slopes were characterized by slightly more complex patch shapes than were 
western slopes. However, the difference between patch shapes for eastern and western 
slopes were small. Fine scale field sampling is needed to determine regionally or locally 
appropriate guidelines for the complexity of forest openings. 
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4. The estimated fire cycle indicates that the SBSvk biogeoclimatic unit should be re-
classified as a Natural Disturbance Type 1 forest ecosystem (i .e., a forest ecosystem 
characterized by rare stand-initiating disturbances) in the B.C. Forest Practices Code 
Biodiversity Guidebook (BC Environment 1995). Also, there should be consideration 
given to revising the Guidebook to include landscape unit biodiversity recommendations 
that are more appropriate to forests where stand-initiating disturbances are not the primary 
agents of renewal. 
5. The wide range in patch sizes indicated that consideration should be given to many 
different types of logging systems, where logging is determined to be ecologically 
appropriate in these biogeoclimatic units. In particular, the high proportions of very small 
patch sizes would tend to support a shift toward selection logging over most of the area. 
In order to approximate the long cycle of stand-initiating disturbances within the study 
area, large canopy openings should generally be limited across these landscapes. 
6. Topographic variables generally were found to be weak predictors of age-class patch 
characteristics. The exception to these results was patch size for western slopes, which 
was found to be explained by elevation and slope. Patch size varied positively with both 
elevation and slope for western slopes age-class 3-7 patches. Based on this result, future 
forest management plans in the SBSvk and ESSFwk2/wc3 should consider not only 
varying the size and temporal distribution of future logging openings, but should also 
consider incorporating topographic variables into the design of logging prescriptions. 
7. The size of sera! patches and 1950-1992 lightning-caused fires were similar on western 
slopes of the Rocky Mountains. Estimated contemporary rates of burn closely matched 
estimated rates of disturbance for age-class 3-7 patches on the western slopes. However, 
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on eastern slopes the estimated rates of burn were lower than the rates of disturbance 
estimated by the age-class 3-7 patches. 
8. Patch sizes and lightning-caused fires exhibited some similarities in their associations with 
topography, but the evidence that fires were the primary factor in initiating sera! age-class 
patches within the SBSvk and ESSFwk2/wc3 biogeoclimatic units could not be shown to 
be conclusive. The higher frequencies of younger forest on warmer aspects provided the 
strongest indication that fire was the most likely factor in the initiation of sera! forest 
patches. 
This study has represented an initial step into the research of natural disturbance 
regimes in these wet, high elevation forests . These mountain ecosystems are complex 
landscapes, where the effects of elevation, slope, aspect, and the climatic barrier of the Rocky 
Mountains on ecological processes are just beginning to be understood. The topography of 
these landscapes varies considerably over small distances and this analysis has been carried out 
at a relatively broad scale. As a result, the findings of this study should be viewed as 
preliminary. In addition, the role of natural disturbances other than forest fire requires further 
consideration. While fire has been the focus of this study, the historical expanse of old-
growth stands in these landscapes shows that the influence of wind, insects, and diseases must 
be of equal, or perhaps greater, importance in shaping stand structure and renewaL 
Despite weak relationships between age-class patches and most topographic variables, 
this study has provided evidence for refinement of current landscape-level forest management 
targets for the SBSvk and ESSFwk2/wc3 biogeoclimatic units. Differences between current 
provincial biodiversity management targets and estimated historical conditions have been 
highlighted. Along with other recent research on natural disturbances in mountainous 
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ecosystems of western Canada (Rogeau 1996; Francis 1996), this study has shown that the 
application of assumptions generalized from less complex landscapes may not satisfy current 
forest management objectives. Approximating natural disturbance patterns and processes 
through logging requires explicit consideration of the unique features and history of regional 
and local landscapes. 
6.2 Recommendations 
Based on this study, I would recommend that future research in these landscapes take 
the following issues into consideration. 
1. Historical disturbance regimes in these mountainous ecosystems appear to be complex 
and strongly influenced by climatic differences on either side of the Rocky Mountains. 
Future research into natural disturbance regimes should consider macro-orientation, 
particularly in subalpine biogeoclimatic zones. Further research is needed at localized 
scales (e. g., valleys, watersheds) in order to limit the influence of broad latitudinal changes 
and meso-scale climatic differences. 
2. Fine scale field sampling is required to ascertain more accurate natural disturbance history. 
This research has only presented a brief 1 00-year snapshot of the estimated variability in 
historical fire regimes. Estimating the variability in fire occurrence and extent across the 
landscape over much longer time periods is critical to a more complete understanding of 
the historical fire regime. However, the challenge presented by extensive field sampling in 
these remote forest ecosystems, as well the challenge presented by ascertaining fire history 
in a stand-replacing fire regime, particularly in forest ecosystems characterized by rare 
stand-initiating disturbances, should not be underestimated. Investigating alternative 
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methods for determining fire history in these landscapes, such as sampling charcoal 
deposition in lake sediments, may prove useful. 
3. Further research on the interaction of natural disturbances and the landscape 
characteristics associated with these various natural disturbance factors (e.g., fire, insects, 
diseases, wind) is required. Evaluation of natural disturbance factors in isolation can only 
provide a partial understanding of the influence of these processes on the forest mosaic. 
Study of natural disturbance interactions should help forest managers better approximate 
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APPENDIX 1: MAP OF ALL FOREST PATCHES OF AGE-CLASSES 
3-7 WITHIN THE STUDY AREA 
Note: Age-class patches are displayed on a gray scale slope aspect image of a 1:250,000 
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APPENDIX II: AML ROUTINES FOR GRID MANIPULATION 
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Average difference detection 
This AML routine was used to detect value differences between adjacent cells in the 25 and 
125m DEM grids. The absolute difference values were averaged for each cell and were 
calculated using all 8 surrounding grid cells. The resulting grid highlighted cells and areas 
with large average differences between the values of adjacent cells. 





* This section simply set a variable to the path name where the grids resided. 
&routine setpath 
&sv path1 = /keino/wendy/giswork/covers 
&return 
* This section created 8 grids - one for each absolute difference between the cell of interest 
and its designated neighbour in the surrounding matrix. It then added the 8 grids together 
and calculated the average difference for each cell. 
&routine cell-difference 
cell_ A= ABS(%path1 %/[grid name]( -1 ,-1) - %path 1 %/[grid name ](0, 0)) 
cell_B = ABS(%path1%/[gridname](0,-1)- %path1%/[gridname](O,O)) 
cell_C = ABS(%path1%/[grid name](1 ,-1)- %path1%/[grid name](O,O)) 
cell_D = ABS(%path1%/[grid name](-1 ,0)- %path1%/[grid name](O,O)) 
cell_E = ABS(%path1%/[grid name](1 ,0)- %path1%/[grid name](O,O)) 
cell_F = ABS(%path1 %/[grid name](-1 , 1)- %path1 %/[grid name](O,O)) 
cell_G = ABS(%path1%/[grid name](O, 1)- %path1%/[grid name](O,O)) 
cell_H = ABS(%path1%/[grid name](1 ,1)- %path1%/[grid name](O,O)) 
AVE_DIFF = (cell_A + cell_B + cell_C + cell_D + cell_E + cell_F + cell_G+ cell_H) DIV 8 
&return 
Spike/pit detection and correction 
This AML routine identified spikes/pits (cells of high/low value relative to the 8 surrounding 
cells) and corrected them by assigning them the average value of the surrounding cells. The 
threshold to determine whether a cell is a spike or pit was a ±20 m elevation difference 
between the cell and all 8 neighbouring cells. 
* This section set up the AML routines and the order in which they were called for use. 
&call identify 
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&call killgrids (see above) 
&call fix-spike 
&stop 
* This section created 8 grids which represented the difference between cells and their 
designated neighbour cell. It then identified cells which had uniformly positive or negative 
differences with their neighbours. Any cell which did not have uniformly positive or 
negative differences with its 8 neighbouring cells was simply output to the resulting grid at 
its original elevation value. 
When cells were identified as having all positive or all negative differences with 
surrounding cells, the routine then determined whether all of these differences exceeded 
±20 m elevation. If the 20 m threshold was not exceeded, then the cell was simply output 
to the resulting grid at is original value. If the 20 m threshold was exceeded, then the cell 
was output to a grid called SPIKE with an elevation of 10,000 m. This 10,000 m value 
was simply used because it far exceeded any real elevation value and made the spike/pit 
cells easy to select in order to examine their location. 
&routine identify 
cell_ A= (%path1%/[DEM grid name](-1 ,-1)- %path1%/[DEM grid name](O,O)) 
cell_B = (%pathl%/[DEM gridname](0,-1)- %path1%/[DEM gridname](O,O)) 
cell_C = (%pathl%/[DEM gridname](l ,-1)- %path1%/[DEM gridname](O,O)) 
cell_D = (%pathl%/[DEM gridname](-1 ,0)- %pathl%/[DEM gridname](O,O)) 
cell_E = (%path1%/[DEM gridname](l ,O)- %pathl%/[DEM gridname](O,O)) 
cell_F = (%path1%/[DEM gridname](-1 ,1)- %path1%/[DEM gridname](O,O)) 
cell_G = (%pathl%/[DEM gridname](O,I)- %path1%/[DEM gridname](O,O)) 
cell_H = (%pathl%/[DEM grid name](! , I)- %pathl%/[DEM gridname](O,O)) 
IF (((cell_A) > 0 & (cell_ B) > 0 & (cell_ C) > 0 & (cell_ D) > 0 & (cell_ E) > 0 & (cell_F) 
> 0 & (cell_ G) > 0 & (cell_H) > 0)! ((cell_A) < 0 & (cell_ B) < 0 & (cell_ C) < 0 & 
(cell_ D) < 0 & (cell_ E) < 0 & (cell_F) < 0 & (cell_G) < 0 & (cell_H) < 0)) 
IF ((cell_A) > 20 & (cell_B) > 20 & (cell_ C) > 20 & (cell_D) > 20 & (cell_E) > 20 
& (cell _F) > 20 & (cell_ G) > 20 & (cell_ H) > 20) spike = 10000 
ELSE surf-temp= [DEMgridname] 
ELSE surf-temp = [DEM grid name] 
END IF 
&return 
* This section created a grid of mean elevations for each cell using the average of the 8 
neighbouring cells. Then a grid called SPIKEV AL was created which simply transforms 
the null values from the grid SPIKE to zero values so that they could be used in an "if' 
statement. 
The "if' statement then selected all cells from SPIKEV AL were greater than zero (i .e., all 
those with a value of 10,000) and assigned them the mean elevation value from MEAN-
ELEV in a new grid called NOSPIKE. All other cells, those with a zero value, were given 
the original elevation value from [DEM grid name]. As a result all spikes and/or pits were 
removed from the DEM surface. 
&routine fix-spike 
mean-elev = ([DEM grid name](0,-1) + [DEM grid name](-1,0) + [DEM grid name](l ,O) + 
[DEM gridname](0,1) + [DEM gridname](-1 ,-1) + [DEM gridname](1 ,-1) + [DEM grid 
name](-1 , 1) + [DEM grid name](1 , 1)) DIV 8 
spikeval = con(isnull( spike), O,spike) 
IF (spikeval > 0) 
nospike = mean-elev 
ELSE 
nospike = [DEM grid name] 
END IF 
&return 
Mean patch value AML 
This AML was created to write out elevation (or slope, aspect, or distance from height-of-
land) values for each age-class patch so that these could be brought into a spreadsheet or 
statistics program. Input into this AML was from a single grid where the age-class patches 
were combined with the relevant DEM derived grid. 
* This section first created a text file (called numbers. txt) which listed all of the age-class 
patch numbers from the relevant combined grid. Then the routine reads down each line of 
this text file and performs a command loop for each patch number. This command loop is 
carried out within the TABLES module ARC/INFO. Prior to the loop being carried out, a 
new item is added to the value attribute file for the relevant combined grid which contains 
the product of the cell count by values of the topographic variable for each line of the 
VAT. 
Each &do loop selected the age-class patch equal to the patch number defined by 
numbers. txt. It then used the statistics capabilities in TABLES to sum the cell count and 
total items for the selected patch. These sums were then output to a file called stats which 
was then unloaded from ARC/INFO to a file called rJ;atch sums] . txt. At the end of the 
&do loop the routine selected the number on the next line of numbers. txt and the loop was 
repeated until reaching the end of the text file . When the loop was finished repeating 
itself, the routine was concluded and the result was a text file which was ready for import 
into a spreadsheet where the average patch value could be easily calculated. 
&routine find-means 
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&ty [listunique [relevant combined grid]. vat -info [patch numbers] numbers. txt] 
&sv unique-num =[open nnumbers.txt openstat -read] 
&sv number= [read %unique-num% readstat] 
tables 
additem [relevant combined grid] .vat total 10 10 I 0 
select [relevant combined grid] .vat 
calc total= count* [topographic variable] 
&do &until %read stat% = 102 
&if [exists stats -info] &then 
&ty [delete stats -info] 
select [relevant combined grid] . vat 
reselect [patch numbers]= %numbef'l/o 





unload [patch sums] .txt 





APPENDIX III: GRID IMAGES OF SLOPE, ASPECT, AND 
DISTANCE FROM HEIGHT-OF-LAND 
131 
Grid image of slope gradient displayed using a linear grayscale stretch. Gentle slope gradients 
are displayed in darker tones, while steeper slope gradients are displayed in lighter tones. 
132 
Grid image of slope aspect displayed using a linear grayscale stretch. Aspects are displayed using a range of 
gray tones, with lower aspect values (e.g., north-east) displayed in darker tones and higher aspect values (e.g., 
north-west) displayed in lighter tones. Areas with zero slope (e.g. , lakes) are shown in dark tones. While this 
small scale is not optimal for displaying this large and complex landscape, the general south-east to north-west 
trend of the mountain ranges is evident, as are the valley drainages which run perpendicular to these mountain 
ranges. 
133 
Grid image of distance from height-of-land displayed using a linear grayscale stretch. Cells 
located nearer to the height-of-land are displayed in darker tones, while cells located further 
away are displayed in lighter tones. 
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